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I.  NOTES  ON  THE  BIRDS  OF  THE  WESTERN 
PANHANDLE  OF  OKLAHOMA. 


By  George  Miksch  Sutton.1 

During  the  fall  of  1932  Mr.  John  B.  Semple  of  Sewickley,  Penn- 
sylvania, a Trustee  of  the  Carnegie  Institute  of  Pittsburgh,  invited 
me  to  accompany  him  on  an  automobile  trip  to  western  Oklahoma 
for  the  primary  purpose  of  obtaining  some  specimens  of  the  Lesser 
Prairie  Chicken,  Tympanuchus  pallidicinctus,  for  the  ornithological 
collection  of  the  Carnegie  Museum. 

Mr.  Semple  and  I reached  Oklahoma  on  September  18,  called  at 
the  offices  of  the  State  Game  and  Fish  Commission  at  Oklahoma 
City,  made  our  way  to  the  prairie  chicken  country  in  Ellis  County, 
found  the  chickens  to  be  not  quite  in  full  feather,  decided  to  post- 
pone collecting  these  until  later  in  the  season,  and  thereupon  found 
ourselves  wondering  what  part  of  Oklahoma  we  should  visit  during 
the  interim  at  our  disposal. 

All  that  we  had  read  in  Mrs.  Nice’s  admirable  report2  upon  the 
Birds  of  Oklahoma  led  us  to  suspect  that  we  should  find  the  Black 
Mesa  country  of  Cimarron  County,  in  the  extreme  northwestern  corner 
of  the  Panhandle,  an  exceptionally  interesting  place  from  the  ornitho- 
logical standpoint.  We  reached  Cimarron  County  therefore  on  Sep- 
tember 20,  established  ourselves  at  the  little  town  of  Kenton  (about 
two  miles  from  the  New  Mexico  line),  and  set  to  work. 

Although  neither  Mr.  Semple  nor  myself  knew  much  as  a result  of 

1The  author  is  indebted  to  the  following  persons  for  assistance  in  the  prepara- 
tion of  this  paper:  Mr.  W.  E.  Clyde  Todd,  of  the  Carnegie  Museum,  Pittsburgh, 
Pennsylvania;  Mrs.  M.  M.  Nice,  Columbus,  Ohio;  Mr.  R.  Crompton  Tate,  Ken- 
ton, Oklahoma;  Mr.  James  L.  Peters,  of  the  Museum  of  Comparative  Zoology, 
Cambridge,  Massachusetts;  Mr.  Joseph  H.  Riley  and  Dr.  Herbert  Friedmann,  of 
the  U.  S.  National  Museum,  Washington,  D.  C. ; Mr.  Wharton  Huber,  of  the 
Philadelphia  Academy  of  Natural  Sciences;  Dr.  Louis  B.  Bishop,  Pasadena, 
California;  and  Drs.  Ralph  D.  Bird  and  A.  I.  Ortenburger,  of  the  University  of 
Oklahoma,  Norman,  Oklahoma. 

2Nice,  Margaret  Morse.  The  Birds  of  Oklahoma.  Revised  Edition. — 
Publications  of  the  University  of  Oklahoma  Biological  Survey,  Volume  III,  No.  r, 
pp.  224.  University  of  Oklahoma  Press,  Norman,  1931. 
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first-hand  experience  in  Oklahoma,  we  sensed  at  once  that  we  should 
find  the  bird  life  about  Kenton  distinctly  different  from  that  of  the 
treeless  Panhandle  plain  we  had  just  traversed.  Here  we  found  our- 
selves suddenly  among  mountains.  On  thfe  sides  and  tops  of  the 
mesas  about  us  grew  trees  we  had  seen  nowhere  in  more  easterly  parts 
of  the  Panhandle:  scrubby  oaks,  pines,  pinyons,  and  cedars.  Here, 
to  our  surprise,  we  encountered  no  Scissor-tailed  Flycatchers,  no 
Crows,  no  Horned  Larks — species  we  had  seen  almost  everywhere  in 
the  central  part  of  the  State.  Here  Canyon  Towhees,  House  Finches, 
Texas  Woodpeckers,  and  Say’s  Phoebes  were  familiar  dooryard  birds. 

We  were  in  the  field  every  day  for  the  following  two  weeks.  So 
interesting  was  our  every  excursion  through  the  cottonwoods  that 
lined  the  Cimarron,  the  Carrizzoso3  and  the  Tequesquite,4  or  through 
the  aromatic  conifers  of  the  mesa-tops,  that  it  was  with  great  reluc- 
tance that  we  departed  on  October  5,  making  our  way  back  to  the 
prairie  chicken  country  in  Ellis  County. 

Establishing  ourselves  at  Arnett,  the  county  seat,  we  spent  a day 
or  so  in  pursuit  of  Prairie  Chickens  and  succeeded  in  collecting  a few 
specimens  with  the  generous  assistance  of  Mr.  Verne  E.  Davison,  local 
representative  of  the  Game  and  Fish  Commission,  and  in  charge  of 
the  Commission’s  special  investigation  of  the  Lesser  Prairie  Chicken. 
We  left  Oklahoma  on  October  8. 

Identifying  the  material  obtained  about  Kenton  proved  to  be  such 
a fascinating  task  that  we  decided  to  continue  our  investigations 
in  September  of  1933.  Arriving  again  on  the  20th,  we  found  the 
countryside  gasping  in  the  clutches  of  a terrific  drouth. 

Hot  winds  from  the  southwest  blew  almost  incessantly  during  our 
ten-day  sojourn.  Clouds  of  sand  dimmed  the  horizon,  made  the  sky 
sullen,  robbed  the  landscape  of  its  color.  The  Cimarron  was  reduced 
to  a chain  of  vicious  quicksand  holes.  No  weeds  stood  along  the 
stream-banks  where  a year  before  we  had  made  our  way  through 
dense  tangles.  The  cattle  that  scaled  the  inhospitable  mesa-sides 
were  pitiably  bony.  Bird  life  was  scarce  everywhere,  and  specimens 
difficult  to  obtain.  We  started  homeward  on  October  1. 

During  the  course  of  our  two  expeditions  to  Oklahoma  we  obtained 

3Pronounced  Car-ris-sos. 

4Pronounced  Tex-a-keet.  Mr.  Tate  informs  us  that  tequesquite  (or  tesquesquite) 
is  a Mexican  noun  for  the  soda-like  formation  found  about  certain  water-holes 
in  frontier  days.  Mrs.  Nice  (1931)  spells  the  word  ‘Texakite.’ 
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good  series  of  many  western  birds  for  the  Carnegie  Museum  and 
Cornell  University  collections,  and  procured  at  Kenton  certain  speci- 
mens that  proved  to  be  so  difficult  to  identify  subspecifically  as  to 
indicate  a most  interesting  combination  of  ecological  factors  and  in- 
fluences in  the  Black  Mesa  country. 

Mrs.  Nice  has  given  us  such  a thoroughgoing  account  of  the  bird 
life  of  Oklahoma  that  no  extensive  annotations  are  needed  upon 
most  of  the  species  listed  in  the  present  paper.  Nor  should  we  at- 
tempt a description  of  the  Black  Mesa  country  when  such  a devoted 
bird-student  as  Mr.  R.  Crompton  Tate,  of  Kenton,  is  so  much  better 
qualified  than  ourselves  to  present  such  a description;  when  Mrs. 
Nice  herself  has  given  us  such  a clear  concept  of  the  uniqueness  of  the 
area  insofar  as  Oklahoma  bird  life  is  concerned;  and  in  view  of  the  fact 
that  such  institutions  as  the  University  of  Oklahoma  and  the  Colorado 
Museum  of  Natural  History  have  carried  on  such  extensive  field- 
work there  prior  to  the  time  of  our  visits. 

Once  the  ornithologist  fully  comprehends  the  fact  that  the  Black 
Mesa  is  a seventy-five  mile  long  spur  of  the  Rocky  Mountains  he  is 
not  surprised  at  finding  Woodhouse’s  Jays,  Pinyon  Jays,  Western 
Tanagers,  Canyon  Wrens,  Townsend’s  Warblers,  and  such  species 
about  him  at  Kenton.  He  is  a little  bewildered  in  the  fall  season,  to 
be  sure,  for  he  does  not  know  precisely  which  of  these  are  transient 
species  and  which  are  summer  residents. 

Noting  the  plains-like  character  of  the  cactus-dotted  lowlands 
between  the  mesas,  he  is  not  surprised  at  finding  Road-runners, 
Scaled  Partridges,  Sage  Thrashers,  Burrowing  Owls,  Sparrow  Hawks, 
and  Western  Meadowlarks. 

Remembering  that  he  is  far  west  of  the  Mississippi  River,  he  expects 
to  encounter  Red-naped  Sapsuckers,  Magpies,  Pileolated  Warblers, 
Arkansas  Kingbirds,  Lewis’s  Woodpeckers,  Red-shafted  Flickers,  and 
Western  Wood  Pewees  in  the  cottonwoods,  at  least  during  the  period 
of  migration. 

But  there  is  an  eastern,  a very  distinctly  eastern,  element  in  the 
bird  life  about  Kenton  that  at  first  surprises  and  confuses.  Why 
these  Catbirds,  these  Yellow-shafted  Flickers,  these  eastern  King- 
birds, these  eastern  Bluebirds,  these  Baltimore  Orioles,  that  are  said 
to  spend  the  summer  and  breed?  Why  these  transient  Brown  Thrash- 
ers, Olive-backed  Thrushes,  eastern  Phoebes,  Wilson’s  Warblers, 
and  Least  Flycatchers,  that  are  so  constantly  flitting  across  the 
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scene?  Mrs.  Nice  (1931,  26)  estimates  that  one-fifth  of  the  nesting 
species  of  the  far  western  Panhandle  are  “eastern”  species. 

It  must  be  borne  in  mind  that  from  the  standpoint  of  number  of 
individuals  these  eastern  forms  are  decidedly  rare.  There  probably 
are  never  more  than  one  or  two  nesting  pairs  of  Eastern  Bluebirds 
about  Kenton  during  any  one  summer.  The  Baltimore  Oriole  may 
be  somewhat  more  abundant,  though  it  is  exceedingly  rare  as  com- 
pared with  the  Bullock’s  Oriole.  But  this  “eastern”  element  in 
the  bird  life  is  always  present,  apparently;  and  it  is  so  noticeable  that 
the  absence  of  such  an  easily  recognizable  and  relatively  ubiquitous 
species  as  the  Crow  is  scarcely  understandable. 

A satisfactory  explanation  of  this  state  of  affairs  cannot  be  offered 
in  a breath.  We  are  bewildered  when  at  first  we  try  to  decide  why 
any  Catbird  should  seek  the  Oklahoma  Panhandle  as  a nesting- 
ground  when  there  are  thousands  of  beautiful  gardens  waiting  for  it 
east  of  the  Mississippi.  Or  why  any  Baltimore  Oriole  that  might  so 
easily  live  about  our  eastern  elms  should  come  to  swing  its  nest  from 
a Cimarron  cottonwood. 

Were  it  not  for  this  vast,  semi-arid  plain  that  occupies  practically 
the  whole  of  the  Panhandle  as  well  as  contiguous  territory  far  to  the 
north  and  south,  the  presence  of  these  eastern  birds  would  not  sur- 
prise us.  But  here  lies  this  all  but  treeless  stretch  across  which  no 
mountain-inhabiting  forms  range  eastward,  and  across  which  most  of 
the  characteristic  forms  of  central  Oklahoma  do  not  range  westward. 
So  definite  a barrier  is  this  plain  for  such  sedentary  species  as  the 
Hairy  Woodpecker,  White-breasted  Nuthatch,  and  Great  Horned 
Owl,  that  one  race  of  these  species  is  found  to  the  eastward,  another 
to  the  westward. 

Yet  here  about  Kenton  nest  these  several  well-known  eastern  birds. 
Have  these  species  extended  their  breeding  range  gradually  westward, 
following  the  clumps  of  cottonwood  that  line  such  streams  as  the 
Cimarron?  Have  they  come  because  of  overcrowding  in  more  easterly 
parts  of  their  range?  Do  they  to  some  extent  follow  the  trail  their 
ancestors  blazed  from  the  east  when  they  migrate?  Or  have  they,  by 
this  time,  so  definitely  established  themselves  in  the  foothills  that 
they  journey  straight  across  Texas  to  and  from  their  winter  homes? 

Such  questions  as  these  present  themselves  in  rapid  succession 
when  we  begin  thinking  along  a certain  line.  But  may  we  not,  in 
suggesting  such  questions,  be  making  the  problem  more  involved 
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than  it  actually  is?  May  we  not  be  disregarding  certain  important 
facts  concerning  the  distribution  of  the  species  in  question? 

Just  how  truly  eastern  are  these  several  species  we  have  mentioned? 
Upon  consulting  such  a volume  as  the  American  Ornithologists’ 
Union  ‘'Check-List”  we  find,  somewhat  to  our  surprise,  that  the 
Eastern  Kingbird  nests  more  or  less  throughout  the  area  from  southern 
British  Columbia,  western  Mackenzie,  and  central  Manitoba,  south 
to  central  Nevada  and  northern  New  Mexico  (1931,  201-202).  Can 
this  be  the  range  of  an  “eastern”  bird? 

As  a matter  of  fact,  all  these  so-called  and  so-considered  “eastern” 
species  that  nest  about  Kenton  nest  also  to  the  north  and  to  the  north- 
west of  the  Oklahoma  Panhandle;  all  of  them  enjoy  comparatively 
wide  breeding  ranges;  all  of  them  probably  have  several  routes  of 
migration  across  the  United  States,  one  of  which  very  likely  lies 
along  the  eastern  foothills  of  the  Rockies. 

Viewing  the  matter  in  the  light  of  the  above  discussion,  it  then 
seems  probable  that  these  “eastern”  species  nest  about  Kenton  not 
because  of  any  overcrowding  of  range  in  central  or  eastern  Oklahoma, 
nor  because  of  some  chance  local  westward  extension  of  range  through 
wind  or  storm,  but  rather  because  certain  transient  individuals,  young 
birds  presumably,  en  route  to  long  established  breeding-grounds  to 
the  northward,  happen  to  be  in  the  Kenton  region  at  about  the  time 
the  nesting  urge  is  strong  upon  them,  find  the  environment  a favorable 
one  in  spite  of  what  we  think  of  as  its  westernness , and  remain  to  rear 
their  young.  Whether  such  individuals  are  following  the  usual  mi- 
gration routes  of  their  respective  species  we  cannot  at  present  say. 
The  barren  appearance  of  the  Panhandle  plain  leads  us  still  to  feel  that 
transient  Eastern  Phoebes,  Least  Flycatchers,  and  Wilson’s  Warblers 
at  Kenton  are  a little  off  the  beaten  track,  but  after  all  it  is  difficult 
to  be  certain  about  any  such  matter.  The  fact  that  a bird  nests 
regularly,  even  if  rarely,  in  a certain  region,  or  that  it  migrates  regu- 
larly, even  if  rarely,  through  a certain  region,  somehow  establishes 
the  propriety  of  such  a nesting  and  of  such  a migrating. 

The  following  list  includes  all  species  observed  or  collected  by  us  in 
Oklahoma  during  our  1932  and  1933  visits.  It  does  not  include 
several  species  known  to  occur  in  the  Kenton  region  (such  species  as 
Icterus  bullocki,  Aimophila  cassini,  and  Asyndesmus  lewis)  for  the 
simple  reason  that  we  never  once  encountered  these  species.  The 
order  and  nomenclature  follow,  in  the  main,  that  of  the  American 
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Ornithologists’  Union  “Check-List  of  North  American  Birds”  (1931). 

1.  Ardea  herodias  Linnaeus.  Great  Blue  Heron. 

Solitary  Great  Blue  Herons  were  noted  several  times  near  Kenton 
in  1932,  along  the  Cimarron,  the  Carrizzoso,  and  the  Tequesquite; 
and  one  (an  adult)  was  seen  near  Hooker,  Texas  County,  on  October 
5.  On  September  26  Mr.  Semple  took  an  immature  bird  (sex  un- 
certain) along  the  Cimarron,  near  Kenton.  We  were  not  able  to 
preserve  this  specimen,  but  the  head,  wing,  and  foot  were  saved  and 
the  following  measurements3 * 5  taken:  exposed  culmen,  138  mm.;  wing, 
485;  tarsus,  185. 

In  1933  we  noted  an  immature  bird  at  close  range  along  the  Teques- 
quite on  September  24.  It  was  feeding  on  frogs,6  which  were  abundant 
along  the  stream. 

Mrs.  Nice  (1931,  55)  tells  us  that  the  subspecies  found  in  Cimarron 
County  is  Ardea  herodias  treganzai  Court,  but  I doubt  if  subspecific 
identification  of  immature  Great  Blue  Herons  from  this  region  should 
be  attempted  in  view  of  the  tendency  among  herons  to  wander  widely 
in  late  summer. 

2.  Butorides  virescens  virescens  (Linnaeus).  Eastern  Green  Heron. 

Recorded  once,  on  October  3,  1932,  when  we  took  an  immature 
male  at  the  head  of  Tequesquite  Creek.  The  bird  had  been  slightly 
injured  in  the  throat  as  if  by  flying  into  a barbed-wire  fence.  Mrs. 
Nice  (1931,  56)  calls  the  Eastern  Green  Heron  a “summer  resident 
in  eastern  and  central  Oklahoma.”  The  species  apparently  does  not 
breed  in  the  Kenton  region. 

3.  Nycticorax  nycticorax  hoactli  (Gmelin).  Black-crowned  Night 

Heron. 

Three  immature  Black-crowned  Night  Herons  were  startled  from 
the  big  cottonwoods  at  the  mouth  of  the  Tequesquite  on  September 

5Wing  measurements  recorded  in  this  paper  were  taken  without  pressing  the 
primaries  flat  and  are,  therefore,  measurements  of  the  chord  of  the  folded  manus. 
Tarsal  measurements  are  diagonal,  from  the  middle  of  the  “heel”  joint,  behind, 
to  the  distal  margin,  in  front,  of  the  last  undivided  tarsal  scute. 

6Rana  pipiens  Schlegel.  We  collected  several  specimens  along  the  Teques- 
quite. These  were  presented  to  Cornell  University.  They  were  identified  by  Dr. 
A.  H.  Wright. 
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25,  1932.  Our  decision  that  these  were  of  the  present  species  rather 
than  young  Yellow-crowned  Night  Herons,  Nyctanassa  violacea 
(Linnaeus),  was  based  on  the  large  amount  of  whitish  streaking 
throughout  the  plumage. 

4.  Branta  canadensis  (Linnaeus).  Canada  Goose. 

Several  fair-sized  flocks  of  Canada  Geese  were  seen  flying  over 
Kenton  on  September  25  and  26,  1932.  Since  no  specimen  was  taken 
the  subspecies  represented  is  altogether  problematical. 

5.  Mareca  americana  (Gmelin).  Baldpate. 

A female  was  observed  at  close  range  on  a pool  at  the  Charles  A. 
Kirtley  ranch,  about  ten  miles  southwest  of  Kenton,  on  September 
24>  1933- 

6.  Dafila  acuta  tzitzihoa  (Vieillot).  American  Pintail. 

A pair  were  seen  flying  along  the  Cimarron  not  far  from  Kenton,  on 
September  26,  1932. 

7.  Querquedula  discors  (Linnaeus).  Blue-winged  Teal. 

Two  flocks  (three  in  one  flock,  six  in  the  other)  were  seen  flying  along 
the  Cimarron  river-bed  about  four  miles  northeast  of  Kenton,  on 
September  20,  1933. 

8.  Querquedula  cyanoptera  (Vieillot).  Cinnamon  Teal. 

Three  Cinnamon  Teals,  two  males  and  a female,  apparently,  were 
seen  at  the  head  of  Tequesquite  Creek  on  September  30,  1932. 

9.  Cathartes  aura  septentrionalis  Wied.  Turkey  Vulture. 

In  making  our  way  across  the  State  we  noted  Turkey  Vultures  here 
and  there  almost  everywhere  save  in  the  relatively  treeless  stretch 
between  Gate,  Beaver  County,  and  western  Cimarron  County.  The 
species  apparently  is  not  regularly  so  common  in  the  far  western  Pan- 
handle as  in  the  eastern  and  central  parts  of  Oklahoma,  but  we  saw  a 
large  flock  circling  over  a prairie-dog  colony  near  Kenton  on  Sep- 
tember 21,  1933,  and  fair-sized  flocks  upon  several  occasions — flying 
about  the  ranches,  sunning  themselves  in  the  cottonwoods,  or  feeding 
along  the  highway  upon  jack  rabbits  killed  by  automobiles. 
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10.  Accipiter  velox  velox  (Wilson).  Sharp-shinned  Hawk. 

Observed  here  and  there  in  all  wooded  sections  of  the  State  tra- 
versed by  us;  noted  almost  daily  in  the  vicinity  of  Kenton,  as  many 
as  four  or  five  individuals  being  listed  for  some  days;  no  flocks  or 
pronounced  migratory  waves  were  recorded,  however. 

Five  specimens  were  collected.  In  the  stomachs  of  all  these  were 
remains  of  small  birds.  A large-sized,  brown-colored  female  shot  on 
October  4,  1932,  was  somewhat  laboriously  carrying  in  her  talons  the 
body  of  a Western  Meadowlark. 

11.  Accipiter  cooperi  (Bonaparte).  Cooper’s  Hawk. 

Recorded  six  times  during  1932:  near  Laverne,  Harper  County,  on 
September  20;  near  Arnett,  Ellis  County,  on  the  same  date;  at  Ken- 
ton, Cimarron  County,  on  September  25  (two  seen;  a male  that  was 
chasing  a flicker  shot) ; on  September  30  (one  seen) ; on  October  1 
(one  seen);  and  at  Optima,  Texas  County,  also  on  October  1 (an 
adult  male  found  dead  along  the  highway). 

Recorded  twice  in  1933:  at  Kenton,  on  September  21;  and  at  the 
J.  J.  Willson  ranch,  twelve  miles  northeast  of  Kenton,  on  September 
23  (an  immature  female  shot). 

12.  Buteo  borealis  (Gmelin).  Red-tailed  Hawk. 

Red-tailed  Hawks  observed  here  and  there  in  wooded  sections  east 
of  the  Panhandle  may  have  been  of  the  eastern  race,  B.  b.  borealis ; 
but  individuals  found  dead  along  the  highway  in  Beaver  and  Texas 
Counties  or  collected  in  Cimarron  County  were  certainly  Western 
Red-tails,  B.  b.  calurus  Cassin. 

In  1932  the  species  was  recorded  almost  daily.  On  September  20 
remains  of  an  immature  and  an  adult  bird  were  found  near  Forgan, 
Beaver  County.  On  October  1 several  were  seen  near  Kenton;  one 
was  observed  in  the  act  of  capturing  a prairie-dog;  and  an  exception- 
ally fine  adult  female  was  shot  late  in  the  evening  as  it  flew  out  from  a 
cottonwood  in  which  it  had  gone  to  roost.  In  the  stomach  and  crop 
of  this  bird  were  remains  of  a cottontail  rabbit.  On  October  6 a few 
were  noted  in  the  vicinity  of  Arnett,  Ellis  County. 

In  1933  the  species  was  recorded  a few  times.  On  September  20, 
a very  dark  bird  was  seen  twelve  miles  east  of  Kenton.  On  September 
30  a dead  male  was  examined  along  the  roadside  near  Hooker,  Texas 
County. 
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13.  Buteo  swainsoni  Bonaparte.  Swainson’s  Hawk. 

Noted  many  times  during  1932  from  the  vicinity  of  Seiling,  Dewey 
County,  westward.  On  September  20  we  observed  about  twenty 
individuals  along  the  Panhandle  highway,  one  of  these  appearing  to  be 
solid  black.  A female  in  light  phase  of  plumage  was  found  dead  near 
Optima,  Texas  County,  on  the  same  date.  In  1933,  three  were  noted 
near  Kenton  on  September  21,  and  five  were  seen  circling  gradually 
southward  on  September  23. 

14.  Buteo  regalis  (Gray).  Ferruginous  Rough-leg. 

Noted  most  frequently  along  the  Panhandle  highway,  where  the 
magnificent  birds  perched  on  the  telegraph-poles  and  fence-posts  and 
fed  upon  jack  rabbits  killed  by  automobiles;  rare  in  the  vicinity  of 
Kenton,  being  seen  by  us  but  once  there,  on  September  30,  1932,  at  a 
prairie-dog  colony  near  the  mouth  of  the  Tequesquite. 

In  1933  we  did  not  observe  the  species  at  all  on  our  way  westward 
to  Kenton;  but  on  our  way  out,  on  October  5,  we  saw  many  of  them 
near  Boise  City,  Cimarron  County;  Guymon,  Texas  County;  and 
Forgan,  Beaver  County. 

On  October  1,  1933,  we  took  a large  female  ten  miles  west  of  Guy- 
mon, Texas  County — one  of  several  seen  along  the  Panhandle  highway. 

15.  Aquila  chrysaetos  canadensis  (Linnaeus).  Golden  Eagle. 

Fairly  common,  for  so  large  a bird,  in  the  Black  Mesa  country; 
observed  several  times  along  the  Panhandle  highway ; three  nests  noted 
in  the  vicinity  of  Kenton. 

On  October  1,  1932,  we  watched  one  as  it  flew  down  from  a mesa 
to  roost  in  a high  clump  of  walnut  trees  along  the  Tequesquite.  On 
October  5,  1932,  we  noted  one  along  the  highway  near  Forgan,  Beaver 
County,  eating  a jack  rabbit.  On  September  23,  1933,  a pair  and  their 
two  young  were  seen  circling  the  northern  rim  of  the  Black  Mesa. 
Mr.  Tate  knew  the  location  of  this  pair’s  nest. 

On  September  29,  1933,  Mr.  Semple  shot  a large  female  bird  not 
far  from  the  Charles  A.  Kirtley  ranch-house,  about  ten  miles  south- 
west of  Kenton.  On  the  same  date  I witnessed  a memorable  aerial 
combat  between  two  eagles  that  appeared  to  be  tormenting  and  at 
the  same  time  fighting  over  another  eagle  that  was  somewhat  piebald 
in  appearance  and  a little  uncertain  in  flight.  When  I first  saw  these 
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eagles  all  three  of  them  were  flying  majestically  toward  a distant 
mesa.  All  at  once  two  of  the  birds  began  diving  fiercely  at  the  other 
bird  and  this  clumsy  individual  (perhaps  a young  one)  made  its  way 
to  the  side  of  the  mesa,  where  it  hobbled  about  among  the  brush, 
dodging  the  repeated  attacks  of  the  birds  in  the  air.  Finally  the  two 
flying  birds  came  to  grips,  grasped  each  other’s  feet  with  legs  stretched 
far  out,  and  whirled  earthward  in  a series  of  breath-taking  revolu- 
tions, catching  themselves  apparently  just  before  they  struck  the 
rocks. 

Later  in  the  evening  I came  upon  two  eagles  (perhaps  the  same 
birds)  asleep  side  by  side  on  a high  cottonwood  along  the  Tequesquite. 

We  had  occasion  to  examine  several  trees  where  eagles  had  been 
roosting.  Here  feathers  were  scattered  about  and  the  ground  was 
liberally  coated  with  whitewash. 

1 6.  Circus  hudsonius  (Linnaeus).  Marsh  Hawk. 

Observed  daily  during  both  visits.  Not  so  common  as  Swainson’s 
Hawk  along  the  Panhandle  highway,  and  never  seen  perching  on 
fence-posts  or  telegraph-poles. 

On  October  6,  1932,  n^ar  Arnett,  Ellis  County,  many  were  seen 
coursing  over  the  low  “shinnery”  oak  in  the  prairie  chicken  country. 
On  September  20,  1933,  an  immature  male  was  collected  near  Kenton, 
Cimarron  County.  In  the  stomach  were  remains  of  a frog.  On  Sep- 
tember 26,  1933,  a large  female  bird  was  observed  diving  into  a flock 
of  turkeys  on  the  Willson  ranch  northeast  of  Kenton. 

We  occasionally  experienced  some  difficulty  in  distinguishing 
light-plumaged  Swainson’s  Hawks  from  blue-gray  male  Marsh  Hawks, 
for  the  white  upper  tail  coverts  were  noticeable  in  flight  in  both 
species,  and  the  Swainson’s  Hawk  sometimes  hunted  by  beating  back 
and  forth  not  far  from  the  ground,  much  in  the  manner  of  the  slenderer, 
more  buoyant  species. 

1 7.  Pandion  haliaetus  carolinensis  (Gmelin).  Osprey. 

One  seen  near  Seiling,  Dewey  County,  on  September  19,  1932, 
flying  upstream  along  the  North  Canadian  River. 

18.  Falco  mexicanus  Schlegel.  Prairie  Falcon. 

Observed  on  four  dates  in  1932,  in  the  western  Panhandle:  Sep- 
tember 22  and  30  (one,  near  Kenton);  October  4 (two,  eight  miles 
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east  of  Kenton);  and  October  5 (one,  near  Kenton;  one  near  Boise 
City,  Cimarron  County). 

Observed  on  two  dates  in  1933,  near  Kenton:  September  23  (one, 
perched  on  the  ground  along  the  base  of  the  north  side  of  the  Black 
Mesa) ; and  September  27  (two,  flying  about  the  rim  of  a mesa  about 
four  miles  east  of  Kenton). 

19.  Falco  sparverius  Linnaeus.  American  Sparrow  Hawk. 

Observed  almost  daily  during  both  our  visits;  common  along  the 
highways,  even  in  the  treeless  portions  of  the  Panhandle;  seen  fre- 
quently about  the  mesas,  perching  on  prominent  pinnacles,  where 
they  kept  sharp  lookout  for  prey. 

It  is  our  present  opinion  that  all  the  Sparrow  Hawks  of  Oklahoma 
belong  to  the  well-known  eastern  race,  F.  s.  sparverius , in  spite  of  the 
fact  that  Mrs.  Nice  (1931,  78)  calls  the  Desert  Sparrow  Hawk,  F.  s. 
phalaena  (Lesson),  a “resident  in  western  Oklahoma.”  We  collected 
four  specimens  in  the  Kenton  region  expressly  in  the  hope  of  procur- 
ing phalaena  in  fresh  fall  plumage;  but  these  four  birds,  when  com- 
pared with  the  Carnegie  Museum’s  considerable  series,  prove  plainly 
to  be  of  the  eastern  race.  One  male  bird,  taken  September  28,  1933, 
is  in  the  moult.  The  new  feathers  are  rich  and  dark  as  in  typical 
sparverius , but  the  old  feathers  are  exceedingly  pale  and  faded  in 
appearance,  of  just  such  a shade  as  might  be  expected  in  a desert 
form.  The  appearance  of  this  specimen  leads  me  to  wonder  if  the  race 
phalaena  may  not  be,  as  Dwight7  has  suggested,  merely  sparverius  in 
the  more  arid  portions  of  its  range,  the  midsummer  feathers  faded 
and  worn  and  paled  in  such  a manner  as  to  give  the  effect  of  sub- 
specific distinctness. 

There  is  a remote  chance,  of  course,  that  we  took  transient  rather 
than  resident  individuals  near  Kenton,  but  such  a state  of  affairs 
presupposes  an  earlier  and  a more  definite  migration  of  the  species 
in  this  region  than  customarily  takes  place  in  other  parts  of  its  range. 

20.  Tympanuchuspallidicinctus  (Ridgway).  Lesser  Prairie  Chicken. 

We  encountered  this  interesting  species  only  during  1932  when, 
with  the  generous  cooperation  of  the  State  Game  and  Fish  Commis- 
sion, we  observed  it  near  Arnett,  Ellis  County.  When  we  first  saw 

7Dwight,  Jonathan.  Plumage  Wear  in  its  Relations  to  Pallid  Subspecies. — 
Auk,  XXII,  1905,  35-36. 
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the  chickens,  on  September  19,  they  were  in  the  midst  of  the  moult, 
many  of  them  having  stubby  tails  and  very  short  pinnae.  They  were 
living  in  the  cut-over  “shinnery”  oak  country  where  Mr.  Davison 
gave  them  his  personal  care. 

When  we  returned  to  Arnett  to  collect  a few  specimens  on  October 
6,  we  found  the  birds  still  not  in  full  feather.  So  carefully  had 
Mr.  Davison  been  tending  his  charges  that  many  of  them  were  feed- 
ing in  an  open  field  not  far  from  his  house. 

In  crops  examined  were  weed-seed  and  small  acorns.  Mr.  Davison 
is  preparing  an  exhaustive  report  upon  this  rare  and  little  known 
species  which  will,  we  trust,  have  much  to  do  with  saving  it  for  future 
generations.  Though  we  were  told  that  Lesser  Prairie  Chickens  are 
still  to  be  found  in  various  parts  of  the  Panhandle,  notably  to  the  south 
of  Boise  City,  Cimarron  County,  we  did  not  see  any  along  the  highway 
in  that  region,  nor  did  we  hear  of  any  in  the  vicinity  of  Kenton. 

21.  Colinus  virginianus  (Linnaeus).  Bob-white. 

Recorded  at  three  localities:  Arnett,  Ellis  County,  a large  covey 
along  an  unimproved  road  three  miles  east  of  town,  September  19, 
1932;  Laverne,  Harper  County,  a male  dead  along  the  highway, 
October  5,  1932;  and  Kenton,  Cimarron  County,  several  coveys  seen 
and  one  male  specimen,  in  the  moult,  collected  near  the  New  Mexico 
line,  September  20,  1933. 

On  September  28,  1933,  a female  with  several  very  small  young,  all 
able  to  fly  well,  was  flushed  from  the  dense  weed-growth  along  a 
small  stream  on  the  D.  H.  Hallock  ranch,  fifteen  miles  northeast  of 
Kenton. 

According  to  Oberholser  (see  Nice,  1931,  81)  “all  the  bob-whites 
of  Oklahoma  are  to  be  referred  to  C.  v.  virginianus,  though  some  are 
intermediate.”  Our  single  male  specimen  from  Kenton  appears  to  be 
not  quite  typical  of  eastern  virginianus  and  may  represent  the  sub- 
species taylori , described  by  Lincoln8  from  eastern  Colorado.  In 
view  of  the  fact  that  the  Panhandle  plain  is  known  to  interrupt  the 
range  of  so  many  sedentary  species  it  seems  quite  possible  that  the 
Bob-white  of  western  Cimarron  County  is  subspecifically  distinct  from 
that  of  central  Oklahoma  or  of  the  extreme  eastern  end  of  the  Pan- 
handle. 

8Lincoln,  Frederick  C.  Description  of  a New  Bob-white  from  Colorado. 
— Proceedings  of  the  Biological  Society  of  Washington,  XXVIII,  1915,  103-104. 
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22.  Callipepla  squamata  pallida  Brewster.  Arizona  Scaled  Quail. 

Observed  daily  in  the  Kenton  region,  where  it  was  common  on  the 
mesa-slopes  and  in  the  cactus-dotted  valleys;  not  seen  by  us  elsewhere 
in  the  State. 

During  the  period  of  our  visits  to  Kenton  these  quail  were  moulting. 
On  October  3,  1932,  we  collected  six  specimens.  Most  of  these  proved 
to  be  immature.  Their  crops  and  stomachs  were  full  of  small,  yellow- 
green,  black-spotted  beetles.  On  September  23,  1932,  we  came  upon 
females  with  young  only  a few  days  old,  yet  able  to  fly  well.  Most 
of  the  coveys  we  encountered  were  large,  numbering  sometimes  forty 
birds  or  more. 

We  often  had  difficulty  in  forcing  these  nimble-footed  creatures 
to  take  wing.  Lifting  their  heads  in  an  assured  manner  they  would 
streak  off  through  the  thin  grass,  flying  only  when  confronted  with  a 
wall  of  rock  or  when  suddenly  pressed  too  closely. 

23.  Grus  canadensis  canadensis  (Linnaeus).  Little  Brown  Crane. 

So  far  as  we  know,  no  specimen  of  the  present  subspecies  has 
actually  been  taken  in  the  Oklahoma  Panhandle,  so  there  is  some  doubt 
in  our  mind  as  to  the  precise  form  or  forms  represented  in  the  huge 
flocks  of  cranes  that  flew  over  Kenton  during  our  visits  in  the  region. 

In  1932  cranes  were  first  noted  by  us  on  September  26  (three  seen). 
On  September  28  a flock  of  ten  flew  over.  On  October  1 hundreds  of 
birds  passed  over  the  town,  calling  loudly,  the  great  creatures  flying 
almost  abreast  in  lines  that  stretched  far  across  the  sky.  On  October 
2 we  watched  a flock  of  about  a hundred  birds  as  they  alighted  on 
the  north  bank  of  the  Cimarron.  We  crawled  forward  on  hands  and 
knees  through  unspeakably  painful  sand-burrs,  trying  to  get  a shot, 
but  the  tall  birds  were  too  wary  and  took  wing  with  a majestic  trumpet- 
ing. 

Huge  flocks  of  cranes  passed  southward  both  by  night  and  by  day 
in  1933,  during  the  period  from  September  23  to  29. 

24.  Oxyechus  vociferus  vociferus  (Linnaeus).  Killdeer. 

Noted  at  several  points  in  the  State  en  route  to  and  from  Cimarron 
County,  notably  at  Shattuck,  Ellis  County,  where,  on  October  5, 
1932,  we  observed  a flock  of  about  thirty  individuals. 

Recorded  several  times  near  Kenton  during  both  1932  and  1933. 
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On  September  24,  1933,  a large  flock  was  seen  along  the  Cimarron 
about  a mile  north  of  Kenton. 

25.  Capella  delicata  (Ord).  Wilson’s  Snipe. 

A female  specimen  was  taken  at  the  head  of  Tequesquite  Creek  on 
October  3,  1932.  Another  snipe  was  seen  at  almost  the  same  spot  on 
the  following  day.  Neither  grass  nor  sedge  grew  along  the  margins 
of  this  stream,  but  the  banks  were  so  high  and  the  stream  itself  so 
hidden  from  view  that  such  species  as  this  found  some  manner  of 
shelter  at  the  water’s  edge. 

26.  Tringa  solitaria  Wilson.  Solitary  Sandpiper. 

A Solitary  Sandpiper  was  seen  at  the  head  of  Tequesquite  Creek 
on  September  30,  1932.  Since  the  specimen  was  not  collected  the  sub- 
species is  problematical,  through  it  is  probably  safe  to  assume  that  it 
was  a Western  Solitary  Sandpiper,  T.  s.  cinnamomea  (Brewster). 

The  absence  of  shore  birds  about  Kenton  during  our  visits  was 
not  so  much  a matter  of  scarcity  of  water  as  it  was  lateness  of  season. 
Mr.  Tate  told  us  that  had  we  come  earlier  we  might  have  recorded 
several  additional  species,  notably  the  Long-billed  Curlew,  Numenius 
americanus  Bechstein,  which  nests  in  considerable  numbers  in  the 
region. 

27.  Totanus  flavipes  (Gmelin).  Lesser  Yellow-legs. 

Recorded  twice:  on  September  18,  1932,  eight  miles  east  of  Arnett, 
Ellis  County,  where  four  birds  were  seen  feeding  about  a little  road- 
side pool;  and  on  September  23,  1932,  when  a flock  of  fifteen  birds 
was  seen  along  the  Cimarron  River,  about  five  miles  northeast  of 
Kenton. 

28.  Columba  livia  Gmelin.  Rock  Dove. 

Domestic  pigeons  in  the  Black  Mesa  country  have  so  widely  re- 
verted to  a naturalized  state  that  they  are  to  be  found  nowadays 
about  the  wildest  gorges  and  pinnacles  far  from  the  ranches,  towns, 
and  highways.  We  repeatedly  saw  such  pigeons  along  the  cliff-like 
portions  of  the  northern  face  of  the  Black  Mesa,  about  the  caves  of 
the  famous  Basket-Maker  Indians,  and  in  wild  gulches  miles  back 
from  the  highways,  southeast  of  Kenton.  In  the  caves  we  found 
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remains  of  nests,  noted  much  whitewashing  about  the  walls,  and 
heard  squabs  hooting  in  the  niches  and  recesses  in  the  smoke-stained 
rock  above  us. 

Many  of  the  birds  observed  were  “blue,”  having  much  the  appear- 
ance of  the  species  in  its  original  plumage.  But  others  had  white 
patches  on  their  wings,  and  one  was  largely  white,  with  blackish 
feathers  in  the  wings  and  tail.  We  saw  no  brown-colored  bird  any- 
where. Mr.  Tate  was  not  able  to  give  us  any  definite  information  as 
to  how  long  these  pigeons  have  been  seen  about  Kenton.  The  town 
was  established  at  about  the  close  of  the  Nineteenth  Century,  but  the 
pigeons  might  have  wandered  from  Boise  City  or  from  some  other 
settlement  and  established  themselves  long  before  the  first  house  in 
Kenton  was  built. 

29.  Zenaidura  macroura  marginella  (Woodhouse).  Western  Mourn- 

ing Dove. 

Noted  throughout  all  parts  of  the  State  traversed  by  us;  especially 
abundant  in  Lincoln  and  Creek  Counties,  and  not  so  common  in  the 
treeless  Panhandle  plain  as  in  the  vicinity  of  Kenton.  Mrs.  Nice 
(1931,  99)  tells  us  that  the  present  subspecies  ranges  across  the  entire 
State.  We  did  not  collect  a specimen. 

30.  Coccyzus  americanus  (Linnaeus).  Yellow-billed  Cuckoo. 

Noted  by  us  only  in  the  vicinity  of  Kenton:  on  September  30,  1932, 
when  a moulting  individual  was  noted  in  some  grape-vines  along  the 
Tequesquite;  again  on  September  24,  1933,  at  the  John  Regnier 
ranch,  six  miles  south  of  Kenton,  where  two  birds  were  seen  in  the 
trees  about  the  house.  Mr.  Regnier  told  us  the  birds  had  nested  in 
the  vicinity. 

Mrs.  Nice  (1931,  102)  is  of  the  opinion  that  the  well-known  eastern 
subspecies,  C.  a.  americanus,  ranges  throughout  the  State.  We  did 
not  take  a specimen. 

31.  Geococcyx  californianus  (Lesson).  Road-runner. 

Recorded  by  us  only  in  the  vicinity  of  Kenton,  where  we  saw  it 
almost  every  day.  Several  specimens  were  collected,  all  in  the  moult. 
A male,  taken  as  late  in  the  season  as  October  1,  1932,  was  in  ex- 
ceedingly poor  feather,  only  four  of  the  rectrices  being  of  full  length. 
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Stomachs  examined  contained  large  grasshoppers  for  the  most  part, 
without  sign  of  feathers  or  of  reptilian  scales. 

Upon  one  occasion  we  pursued  a Road-runner  with  the  automobile. 
The  bird  finally  took  refuge  in  a clump  of  cactus  where,  in  a safe  re- 
treat only  a foot  or  so  from  us,  it  looked  fiercely  out,  its  brilliant  eyes 
flashing. 

32.  Otus  asio  (Linnaeus).  Screech  Owl. 

We  recorded  two  subspecies  of  this  owl  during  the  course  of  our 
field-work.  Remains  picked  up  along  the  highway  near  Vinita, 
Craig  County,  on  September  18,  1932,  prove  to  be  of  the  well-known 
northeastern  race,  0.  a.  naevius  (Gmelin),  in  the  gray  phase  of  plumage. 

The  subspecies  represented  by  an  individual  seen  at  night  near 
Arnett,  Ellis  County,  on  October  5,  1932,  is  problematical. 

The  subspecies  found  in  the  far  western  Panhandle  is  apparently 
0.  a.  aikeni  (Brewster)  as  Mrs.  Nice  tells  us  (1931,  104),  but  in  the 
vicinity  of  Kenton  the  bird  is  very  rare  and  we  worked  diligently  in 
procuring  our  single  specimen — a male,  taken  from  a dense  clump  of 
grape-vines  along  the  Tequesquite  on  October  3,  1932.  We  recorded 
Screech  Owls  near  Kenton  on  two  other  dates:  October  1,  1932,  when 
two  birds  were  seen  flying  among  willow  trees  late  in  the  evening;  and 
September  20,  1933,  when  one  was  seen  at  night,  perched  on  a fence- 
post  along  the  highway  about  six  miles  east  of  Kenton.  We  never 
once  heard  a Screech  Owl  in  the  Black  Mesa  country.  Since  we  heard 
Great  Horned  Owls  every  night  it  occurred  to  us  that  the  abundance 
of  this  larger  species  may  have  had  a considerable  bearing  upon  the 
scarcity  of  the  smaller  one. 

In  identifying  our  Kenton  specimen — a gray  bird — I borrowed 
four  Otus  asio  from  Oklahoma  (University  of  Oklahoma  Museum)  and 
one  from  Colorado  Springs,  Colorado  (U.  S.  National  Museum). 
Among  these  are  three  specimens  (two  gray;  one  red)  that  apparently 
are  referable  to  the  subspecies  aikeni.  Our  Kenton  bird  is  decidedly 
grayer  (less  brownish,  that  is)  than  either  of  the  comparable  speci- 
mens at  hand,  and  it  bears  a closer  resemblance  to  the  Colorado  speci- 
men (gray)  than  to  the  gray  bird  from  Oklahoma  (Cleveland  County). 
The  grayness  of  the  Kenton  bird  is  probably  due  in  part  to  freshness  of 
plumage,  for  in  this  specimen  the  postnuptial  moult  has  obviously 
just  been  completed. 
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33.  Bubo  virginianus  (Gmelin).  Great  Horned  Owl. 

Recorded  by  us  only  in  the  far  western  Panhandle,  where  we  found 
it  surprisingly  common  in  the  wooded  canyons  and  cottonwood  groves 
about  Kenton,  Cimarron  County.  We  saw  it  almost  daily,  heard 
it  hooting  every  night,  and  took  a series  of  nine  specimens.  Mr. 
Semple  examined  the  stomachs  of  these,  finding  four  to  be  empty, 
two  to  hold  remains  of  cottontail  rabbits,  and  three  to  contain  re- 
mains of  fish  and  crayfish. 

Mrs.  Nice  (1931,  105)  lists  Bubo  virginianus  virginianus  and  Bubo 
virginianus  occidentalis  as  the  races  of  this  species  found  in  Oklahoma, 
calling  the  latter  an  “uncommon  resident  in  central  and  western 
parts.”  I have  compared  our  Kenton  specimens  with  a series  of 
virginianus  from  several  parts  of  the  eastern  United  States  and  of 
occidentalis  (from  North  Dakota,  Minnesota,  Alberta,  and  elsewhere) 
and  find  them  to  be  plainly  different  from  both  these  races.  They 
are  too  small  and  too  pale  for  virginianus ; and  they  are  too  small,  too 
dark,  too  brown,  and  too  finely  marked  for  occidentalis , having 
brownish  or  ochraceous  marking  on  the  scapulars  rather  than  coarse 
white  or  whitish  markings,  as  in  occidentalis.  They  are,  in  some 
respects  at  least,  closer  to  pallescens  (a  subspecies  not  mentioned  by 
Mrs.  Nice)  than  to  either  of  the  above-named  forms. 

Bubo  virginianus  pallescens  appears  to  be  an  exceedingly  variable 
race,  some  individuals  being  decidedly  gray  above  and  whitish  below, 
others  being  rather  decidedly  brown  above,  with  a considerable  ad- 
mixture of  brown  or  ochraceous  below.  Examination  of  a consider- 
able series  of  Horned  Owls  from  New  Mexico,  Arizona,  and  northern 
Mexico  leaves  me,  in  fact,  under  the  impression  that  pallescens  is, 
as  Oberholser9  suggests,  a dichromatic  race.  There  is  in  the  collec- 
tion of  the  Museum  of  Comparative  Zoology  at  Cambridge  a very 
small  and  very  gray  bird  (male,  Thayer  Collection  No.  2807),  sup- 
posedly pallescens , from  Mound  Valley,  Chihuahua,  that  is  so  small 
and  gray  as  to  suggest  the  possibility  of  a distinct  race  in  that  part  of 
Mexico.  There  are  in  this  same  collection,  on  the  other  hand,  much 
larger  and  browner  individuals,  also  supposedly  pallescens , from  more 
northerly  regions. 

9Oberholser,  Harry  C.  A Revision  of  the  American  Horned  Owls. — 
Proceedings  United  States  National  Museum,  XXVII,  No.  1352,  1904,  pp.  177 
and  182. 
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For  the  present  it  seems  best  to  call  our  Kenton  birds  intermediate 
between  virginianus  and  pallescens,  closer  perhaps  to  the  latter.  Only 
one  of  them  (GMS  No.  5197)  has  the  distinctly  whitish  feet  said  to 
be  characteristic  of  pallescens.  The  feet  in  the  other  specimens  are 
more  brownish,  either  as  a result  of  patches  of  brownish  feathers  or  as 
a result  of  general  coloration  throughout,  although  in  no  case  are  they 
nearly  so  brown  or  tawny  as  in  average  virginianus. 

Stone,  in  his  original  description  10  of  Bubo  virginianus  occidentals, 
gives  us  the  following  measurements  for  the  type-specimen,  “prob- 
ably a female”:  exposed  culmen,  1.8  in.  (46  mm.);  wing,  16  in.  (406 
mm.);  tarsus,  2.5  in.  (64  mm.).  A comparison  of  these  measurements 
with  those  presented  in  the  table  below  will  show  how  small  our  Ken- 
ton birds  are: 

Measurements11  (in  millimeters)  of  Bubo  virginianus 
from  Kenton,  Oklahoma. 


GMS  No. 

Sex 

Exposed 
Culmen 
(with  cere) 

Wing 

Tail 

Tarsus 

4658 

& 

36 

348 

210 

55 

4659 

c? 

38 

338 

220 

59 

5192 

d 

37 

358 

214 

53 

5197 

c? 

37 

347 

212 

54 

5198 

d 

35 

339 

201 

53 

5225 

d 

38 

343 

202 

50 

4579 

$ 

39 

362 

224 

60 

4635 

9 

4i 

370 

230 

63 

5i9i 

9 

42 

383 

225 

58 

It  is  my  present  opinion  that  if  B.  v.  occidentals  is  found  in  Okla- 
homa at  all  it  is  found  only  irregularly,  and  in  winter.  This  opinion 
is  based  first  upon  our  discovery  that  the  nesting  Horned  Owls  of 
the  Kenton  region  assuredly  are  not  occidentals',  and  secondly  upon 
the  determination  that  the  specimen  of  occidentals  listed  by  Mrs. 
Nice  from  Creek  County  (May  12)  is,  in  reality,  not  occidentals,  but 

10Stone,  Witmer.  A Revision  of  the  North  American  Horned  Owls  with 
Description  of  a New  Subspecies. — Auk,  XIII,  1896,  155. 

nThe  culmen  measurements  include  the  cere  because  Stone’s  measurements 
of  occidentalis  were  apparently  made  in  this  manner.  Tarsal  measurements  were 
taken  from  the  proximal  end  of  the  heel  pad,  behind,  down  the  posterior  side  of  the 
tarsus,  to  the  insertion  of  the  smallest  toe.  Diagonal  measurement  is  unsatis- 
factory because  it  is  so  difficult  to  locate  the  base  of  the  middle  toe  among  the 
thick  plumage  of  the  front  of  the  foot. 
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eastern  virginianus.  After  finding  that  our  Kenton  birds  were  close 
to  pallescens  I wrote  Dr.  Ralph  D.  Bird,  of  the  Museum  of  Zoology 
at  the  University  of  Oklahoma,  asking  if  the  Creek  County  specimen 
were  yet  extant.  Dr.  Bird  promptly  sent  the  specimen  in  question 
on,  together  with  three  other  Oklahoma  Horned  Owls.  To  my  sur- 
prise I found  the  Creek  County  specimen  to  be  a young  bird,  not  long 
out  of  the  nest.  Subspecific  identification  of  such  a young  bird  is 
not  an  easy  task.  It  is  evident,  however,  that  the  comparable  plum- 
age of  the  back,  wings,  tail  and  sides  is  too  dark,  too  brown,  and  too 
finely  marked  for  occidentalis ; and  the  appearance  of  the  scapulars, 
in  particular,  is  that  of  virginianus  rather  than  of  occidentalis.  To 
my  way  of  thinking,  then,  a specimen  of  occidentalis  has  yet  to  be 
taken  in  Oklahoma,  for  the  other  three  specimens  forwarded  by  Dr. 
Bird  are  plainly  virginianus  and  had  been  so  identified. 

34.  Speotyto  cunicularia  hypugaea  (Bonaparte).  Western  Bur- 

rowing Owl. 

At  Kenton  we  found  this  species  rare,  recording  it  on  only  four 
dates  during  the  course  of  our  two  visits.  It  was  first  seen  on  Sep- 
tember 30,  1932,  when  a single  bird  flew  up  from  a burrow  at  the  edge 
of  a prairie-dog  colony  near  the  mouth  of  the  Tequesquite. 

On  October  4,  1932,  we  collected  a male  a short  distance  northwest 
of  Kenton  near  the  New  Mexico  line. 

On  September  28,  1933,  we  took  a female  at  night,  along  a road 
northeast  of  Kenton. 

On  September  28,  1932,  we  observed  one  flying  out  from  the  rocks 
and  catching  insects  flycatcher-wise,  not  far  from  the  Kirtley  ranch- 
house,  ten  miles  southwest  of  Kenton. 

We  recorded  the  species  at  only  one  other  point  in  the  State:  in  the 
vicinity  of  Arnett,  Ellis  County,  where,  in  an  almost  grassless  pasture 
about  nine  miles  east  of  town,  we  encountered  several  Burrowing 
Owls  (perhaps  a family  group)  and  succeeded  in  procuring  one  speci- 
men, a male,  on  October  7,  1932. 

35.  Asio  wilsonianus  (Lesson).  Long-eared  Owl. 

Recorded  only  at  Kenton.  On  October  1,  1932,  we  took  a female 
from  the  cottonwoods  along  the  Cimarron  River  about  six  miles 
northeast  of  Kenton.  On  October  3,  1932,  we  noted  a very  drowsy 
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individual  several  times  among  the  grape-vines  at  the  head  of  the 
Tequesquite.  We  had  amusing  difficulties  in  making  this  bird  fly. 

36.  Phalaenoptilus  nuttalli  nuttalli  (Audubon).  Nuttall’s  Poor- 

will. 

Curiously  enough,  we  did  not  record  this  species  at  all  during  our 
1932  visit.  In  1933  we  saw  it  several  times  and  collected  two  specimens 
near  Kenton,  Cimarron  County. 

On  September  20,  1933,  the  headlights  of  our  automobile  shone 
the  eyes  of  a Poor-will  that  was  resting  at  the  roadside  about  a mile 
east  of  Kenton.  We  observed  this  bird  catching  insects.  It  flew 
about  recklessly,  plunging  this  way  and  that,  sometimes  darting 
straight  toward  the  ground  as  if  pouncing  upon  a ground  beetle  or 
some  other  terrestrial  creature. 

On  September  25  we  collected  a male  that  was  resting  full  in  the 
sun  on  a rough  mesa-side  about  six  miles  northeast  of  Kenton.  When 
this  bird  flew  up  it  dashed  down  the  slope  at  amazing  speed,  catching 
itself  just  in  time  to  avoid  hitting  rocks  and  flopping  this  way  and 
that  as  if  bent  on  self-destruction.  We  saw  another  Poor-will  on  this 
date,  after  dark. 

On  September  26  we  took  a male  that  was  resting  in  the  shade  of 
some  thin  brush  high  on  a mesa-side  just  beneath  the  uppermost 
cliff-like  rim.  This  bird  fluttered  up  gently,  just  missing  the  tips  of 
the  branches  as  it  darted  between  the  boulders  and  dropped  to  rest 
a short  distance  away. 

On  the  evening  of  September  26  we  hunted  Poor-wills  with  a strong 
flashlight.  Although  we  did  not  get  another  specimen  we  had  the 
pleasure  of  locating  one  bird  and  of  following  it  with  our  light  as  it 
flew  away.  As  long  as  we  could  see  the  bird  at  all  its  eyes  reflected 
a brilliant  pale  pink  or  reddish  light,  startling  in  contrast  to  the  dark- 
ness all  about  us. 

37.  Chordeiles  minor  (Forster).  Nighthawk. 

During  1932  we  saw  Nighthawks  only  at  Kenton,  Cimarron 
County:  one  on  September  23,  three  on  the  following  evening;  two 
on  September  30;  and  one  on  October  1 (Tate).  During  1933  we 
recorded  the  species  only  once,  near  Kenton,  on  September  28.  These 
probably  were  not  Eastern  Nighthawks,  C.  m.  minor , but  which  of 
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the  western  subspecies  was  represented  is  a matter  for  conjecture, 
since  no  specimen  was  taken. 

38.  Chaetura  pelagica  (Linnaeus).  Chimney  Swift. 

A large  flock  were  seen  on  September  19,  1932,  flying  about  the 
town  of  Arnett,  Ellis  County.  Not  noted  in  1933. 

Hummingbird,  species.  On  September  27,  1932,  at  the  Regnier  ranch-house, 
six  miles  south  of  Kenton,  we  saw  a hummingbird  feeding  among  the  flowers  of 
scarlet  salvia  that  were  growing  about  the  house.  The  bird  was  dull-colored. 
We  caught  no  gleam  of  bright  color  from  the  throat.  It  was  probably  a female  or 
an  immature  bird.  According  to  Mrs.  Nice’s  list  (1931,  no)  the  Broad-tailed 
Hummingbird,  Selasphorus  p.  platycercus  (Swainson),  is  to  be  expected  in  the 
Kenton  region,  but  we  are  not  acquainted  with  this  species  in  life  and  were  not, 
therefore,  in  a position  to  identify  it  with  certainty. 

39.  Megaceryle  alcyon  alcyon  (Linnaeus).  Eastern  Belted  King- 

fisher. 

Noted  at  several  points  in  the  State,  though  not  on  the  Panhandle 
plain;  observed  daily  in  the  Kenton  region,  where  two  specimens  were 
taken:  an  immature  female,  September  24,  1932;  and  a male,  Sep- 
tember 28,  1933.  On  September  20,  1932,  one  was  seen  to  capture  a 
frog  from  the  muddy  margin  of  the  Tequesquite.  In  accomplishing 
this  obviously  difficult  feat  the  bird  could  not  plunge  into  the  water, 
but  had  to  snap  at  its  victim  with  its  beak,  flycatcher-wise,  while 
in  flight. 

40.  Colaptes  auratus  (Linnaeus).  Flicker. 

Unfortunately  we  failed  to  collect  specimens  of  the  present  species 
anywhere  in  the  State,  though  we  recorded  it  at  several  points  in 
northeastern  and  central  parts,  and  identified  it  carefully  at  Arnett, 
Ellis  County  (two  seen,  October  6,  1932)  and  in  the  vicinity  of  Kenton, 
Cimarron  County,  where  it  was  seen  three  times  in  1932  (September 
29,  October  1 and  October  2)  and  three  times  in  1933  (September  21: 
two  individuals  seen;  September  24  and  September  28). 

We  noted  no  evidence  of  hybridization  between  auratus  and  cafer 
in  the  western  Panhandle,  though  the  two  species  were  usually  found 
thereabouts  in  the  same  clumps  of  trees;  but  in  the  vicinity  of  Laverne, 
Harper  County,  and  at  Gate,  Beaver  County,  several  individuals 
with  strongly  orange  wings  and  with  other  marks  of  cross-breeding 
were  observed. 
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41.  Colaptes  cafer  collaris  Vigors.  Red-shafted  Flicker. 

In  making  our  way  westward  in  1932  we  recorded  this  species  first 
near  Vici,  Dewey  County,  and  found  it  common  near  Laverne,  Harper 
County,  where  C.  auratus  X C.  cafer  hybrids  were  noted. 

At  Kenton,  Cimarron  County,  we  found  it  abundant  in  the  cotton- 
woods, observing  from  ten  to  sixty  individuals  every  day,  many  of 
them  going  about  in  what  appeared  to  be  family  groups.  A total  of 
four  specimens  was  taken;  and  none  of  these  shows  evidence  of  hy- 
bridization. 

In  returning  east,  in  1932,  we  definitely  identified  this  species  last 
at  Gate,  Beaver  County. 

42.  Melanerpes  erythrocephalus  (Linnaeus).  Red-headed  Wood- 

pecker. 

Noted  at  several  points  along  our  route  to  and  from  Cimarron 
County;  not  seen  on  the  Panhandle  plain,  however. 

Observed  several  times  near  Kenton;  in  1932  on  September  20  (a 
pair  and  their  brood  of  young  in  a dead  cottonwood  near  the  Teques- 
quite)  and  on  September  26,  when  several  were  seen  and  a male  taken 
at  the  mouth  of  the  Tequesquite;  in  1933  on  September  20  (one),  on 
September  23  (two  young),  on  September  24  (two  young  at  the 
Kirtley  ranch,  southwest  of  Kenton),  and  on  September  29  (one 
young,  along  the  Tequesquite). 

43.  Sphyrapicus  varius  nuchalis  Baird.  Red-naped  Sapsucker. 

Mrs.  Nice  (1931,  113)  calls  this  sapsucker  an  “accidental  visitor 
from  the  west.”  In  the  light  of  our  experience  at  Kenton,  Cimarron 
County,  this  statement  must  apply  only  to  the  main  body  of  the 
State,  for  the  bird  is  apparently  regular  and  common  as  a transient 
in  the  Black  Mesa  country. 

We  took  four  specimens  in  all:  in  1932  a female,  September  25; 
in  1933  a female,  September  26;  and  two  males,  September  29.  The 
species  was  first  recorded  on  September  21  during  both  years.  At 
the  Willson  apple  orchard  (twelve  miles  northeast  of  Kenton)  the 
trees  had  been  so  densely  perforated  by  sapsuckers  as  to  convince  us 
that  the  bird  is  often  downright  abundant  thereabouts,  and  also, 
probably,  somewhat  of  a nuisance. 

According  to  Mrs.  Nice  (1931,  114)  this  subspecies  has  actually 
been  taken  in  Oklahoma  but  once  heretofore,  in  Latimer  County. 
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44.  Dryobates  villosus  Linnaeus.  Hairy  Woodpecker. 

Hairy  Woodpeckers  recorded  by  us  near  Pawhuska,  Osage  County, 
and  Bartlesville,  Washington  County,  were  presumably  of  the  well- 
known  eastern  race,  D.  v.  villosus. 

In  the  far  western  Panhandle  we  recorded  the  species  only  twice 
and  took  the  only  individuals  encountered,  both  males:  September 
22,  1932,  among  the  conifers  on  a mesa-top  three  miles  east  of  Ken- 
ton, Cimarron  County;  and  September  26,  1933,  in  the  high  cotton- 
woods near  the  Willson  ranch-house,  twelve  miles  northeast  of  Kenton. 

These  two  male  birds  prove  to  be  close  to  D.  v.  leucothorectis  Ober- 
holser,  or  intermediate  between  this  race  and  D.  v.  monticola  Anthony. 
They  are  a trifle  larger  throughout  than  four  male  leucothorectis  from 
New  Mexico  and  Arizona  in  the  U.  S.  National  Museum,  and,  being 
in  fresher  plumage  than  most  of  these,  are  blacker  above,  especially 
on  the  wings.  On  the  other  hand  they  are  rather  small  for  monticola , 
according  to  Anthony’s  original  description  of  “ Dryobates  villosus 
montanus .”12 


Measurements13  (in  millimeters)  of  Dryobates  villosus 
from  Cimarron  County,  Oklahoma. 
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Wing 

Tail 
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c? 

27 

131 

23 

5215 

<? 

27 

129 

22.5 

According  to  Mrs.  Nice’s  list  (1931)  the  White-breasted  Hairy 
Woodpecker  has  not  heretofore  been  recorded  from  Oklahoma. 

45.  Dryobates  pubescens  (Linnaeus).  Downy  Woodpecker. 

The  Downy  Woodpecker  is  a rare  bird  in  the  Black  Mesa  country. 
We  finally  succeeded  in  collecting  three  specimens,  all  females,  ap- 

12 Anthony,  A.  W.  A New  Subspecies  of  the  Genus  Dryobates. — Auk,  XIII, 
1896,  31-34. 

1 Measurements  of  the  bill  are  from  the  tip  of  the  upper  mandible  to  the  anterior 
margin  of  the  nostril,  as  in  Anthony’s  description  of  monticola.  Tail  measurements 
are  omitted  because  the  middle  rectrices  are  not  fully  developed  in  our  specimens. 
Tarsal  measurements  given  here  appear  to  be  very  large  as  compared  with  those 
for  Anthony’s  type  specimen  of  monticola,  but  this  is  possibly  because  Anthony 
measured  the  tarsus  differently — from  the  edge  of  the  tibial  feathering  to  the 
distal  margin  of  the  last  tarsal  scute. 
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parently  the  first  to  be  taken  in  the  region,  and  all  in  clean,  fresh 
plumage.  These  were  taken  on  September  24  and  October  1,  1932, 
and  September  26,  1933;  the  first  two  along  the  Cimarron,  three 
miles  east  of  Kenton,  the  last  at  the  Willson  ranch,  twelve  miles 
northeast  of  Kenton. 

These  three  specimens,  upon  comparison  with  the  Carnegie  Mu- 
seum’s considerable  series  of  Dryobates  pubescens,  prove  to  be  some- 
what intermediate  between  the  well-known  “northern”  race,  D.  p. 
medianus  (Swainson)  and  some  other  form,  perhaps  D.  p.  leucurus 
(Hartlaub),  although  their  size  and  the  noticeable  white  spotting  of 
the  wings  proclaim  them  closer  to  medianus  than  to  any  other  form 
at  present  recognized. 

46.  Dryobates  scalaris  symplectus  Oberholser.  Texas  Woodpecker. 

Recorded  by  us  only  in  the  Black  Mesa  country  of  Cimarron 
County,  where  we  found  it  to  be  fairly  common  among  the  cotton- 
woods and  willows  along  the  streams,  noted  it  infrequently  among  the 
conifers  of  the  mesas,  and  observed  it  climbing  about  certain  woody 
cactus  clumps  in  the  open  prairie  country. 

Several  specimens  were  taken  during  both  visits.  In  all  these  the 
plumage  is  so  fresh  and  clean  that  the  general  appearance  is  markedly 
different  from  that  of  spring  specimens  in  which  the  feathers  are 
frayed  and  soiled. 

The  Texas  Woodpecker  is  one  of  the  few  birds  that  is  to  be  seen 
regularly  in  the  trees  that  sparsely  line  the  streets  of  Kenton. 

47.  Tyrannus  verticalis  Say.  Arkansas  Kingbird. 

We  did  not  record  this  species  anywhere  in  Oklahoma  east  of 
Cimarron  County,  though  Mrs.  Nice  (1931,  117)  has  found  it  to  be  a 
“summer  resident  throughout  the  western  half  of  the  state.” 

We  recorded  it  daily  about  Kenton  during  our  1932  visit,  as  late 
as  October  1,  when  an  adult  female  and  young  male  were  collected. 
In  1933  it  was  present  throughout  our  stay;  on  September  29  we 
recorded  several  and  took  a female  that  had  not  yet  completed  the 
postjuvenal  moult. 

Mr.  Tate  considers  the  species  a regular  summer  resident  in  the 
Kenton  region;  but  it  is  our  opinion  that  we  witnessed,  on  September 
25,  1932,  and  on  September  25  and  26,  1933,  considerable  influxes 
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of  transients  from  the  north.  On  the  first-named  of  these  dates  we 
must  have  seen  well  over  one  hundred  birds  in  a relatively  compact 
flock. 

48.  Muscivora  forficata  (Gmelin).  Scissor-tailed  Flycatcher. 

To  our  great  surprise  we  did  not  record  this  species  during  either 

1932  or  1933  in  the  Black  Mesa  region,  in  spite  of  the  fact  that  we 
kept  a constant  lookout  for  it.  Throughout  most  of  the  eastern  and 
central  parts  of  the  State  traversed  by  us  we  saw  it  commonly,  noting 
it  as  far  west  as  Dewey  County  in  mid-September,  1932,  but  not 
about  Arnett,  Ellis  County,  on  that  date;  and  observing,  at  the  time 
of  our  return  east  in  October,  that  we  encountered  it  first  in  the 
vicinity  of  Gate,  Beaver  County,  and  Rosston,  Harper  County,  and 
that  on  October  6 it  was  common  about  Arnett.  These  data  appear 
to  indicate  a distinct  migratory  movement  of  some  sort  in  at  least 
the  western  half  of  the  State;  and  such  a migratory  movement  may 
account  for  the  absence  of  the  species  from  the  Black  Mesa  section 
during  the  time  of  our  visits  there. 

49.  Sayornis  phoebe  (Latham).  Eastern  Phoebe. 

Since  Mrs.  Nice  (1931,  1 19-120)  does  not  mention  any  Panhandle 
records  for  this  species  it  was  with  considerable  interest  that  we  noted 
it  twice  in  the  vicinity  of  Kenton  during  our  1932  visit:  on  September 

28,  a female  taken  from  the  cottonwoods  along  the  Tequesquite;  and 
on  October  4,  one  seen  among  the  high  weeds  along  the  Cimarron 
River,  about  three  miles  northeast  of  Kenton. 

50.  Sayornis  saya  saya  (Bonaparte).  Say’s  Phoebe. 

Mrs.  Nice  (1931,  120)  calls  this  species  an  “uncommon  summer 
resident  in  Cimarron  County.”  We  recorded  it  so  frequently  in  the 
Black  Mesa  country  and  took  so  many  specimens  in  both  1932  and 

1933  that  we  are  inclined  to  consider  it  decidedly  common  as  a 
transient  in  the  fall.  During  1932  we  recorded  it  almost  daily,  taking 
a female  in  the  midst  of  the  postju venal  moult  on  September  24,  and 
noting  four  individuals  as  late  as  October  1.  In  1933  it  was  present 
during  our  entire  sojourn  at  Kenton,  a few  being  listed  on  September 

29.  This  species  and  the  Arkansas  Kingbird  were  frequently  seen  in 
the  same  flocks. 
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51.  Empidonax  trailli  brewsteri  Oberholser.  LitTle  Flycatcher.14 

A male  specimen  of  Empidonax  trailli  in  what  appears  to  be  almost 
perfect  juvenal  plumage  was  taken  among  scrub-oak  brush  on  a steep 
mesa-side  about  six  miles  south  of  Kenton,  Cimarron  County,  on 
September  25,  1933.  This  individual  we  somewhat  doubtfully  refer 
to  the  present  subspecies,  which  Mrs.  Nice  (1931,  121)  thinks  may 
breed  rarely  in  “central  or  western  Oklahoma.”  So  far  as  we  know 
the  specimen  taken  is  the  only  individual  of  the  present  species  seen 
by  us  during  our  two  visits  to  the  Black  Mesa  country. 

52.  Empidonax  minimus  (Baird  and  Baird).  Least  Flycatcher. 

Mrs.  Nice  (1931,  121)  calls  this  species  a “rare  transient  in  eastern 
and  central  Oklahoma.”  It  is  apparently  a regular  transient,  and 
perhaps  even  a rare  summer  resident,  in  the  far  western  Panhandle 
also,  for  we  collected  three  specimens  in  the  vicinity  of  Kenton, 
Cimarron  County,  two  juvenal  individuals  (one  a male;  sex  of  the 
other  undetermined)  on  September  26,  1932,  and  an  adult  female 
on  September  26,  1933;  and  recorded  what  we  thought  to  be  Least 
Flycatchers  upon  several  occasions  in  the  thicker  stands  of  cotton- 
woods near  the  Cimarron  and  Tequesquite. 

Considerable  doubt  exists  in  our  mind  as  to  which  member  of  the 
genus  Empidonax  is  the  common  transient  form  in  the  Black  Mesa 
country,  and  as  to  which  members  of  the  genus  nest.  These  facts  are 
worth  noting,  at  any  rate:  all  our  Least  Flycatcher  specimens,  with- 
out exception,  were  taken  from  the  cottonwood  growth  along  the 
margins  of  the  streams;  all  our  Hammond’s  Flycatcher  specimens 
were  taken  among  the  scrub-oak  brush  of  steep  mesa-sides.  Of  all 
the  specimens  of  the  genus  taken,  that  of  E.  trailli  is  decidedly  the  most 
juvenal  in  general  appearance,  though  two  of  E.  minimus  apparently 
are  not  in  an  advanced  stage  of  the  postjuvenal  moult.  Whether  it 

14It  is  exceedingly  regrettable,  in  the  author’s  opinion,  that  such  a character- 
less, if  not  downright  misleading,  common  name  as  “Little  Flycatcher”  must 
be  given  this  bird.  For  those  who  are  familiar  with  the  sticky  fly-paper  entangle- 
ments of  ornithological  nomenclature  one  common  name  is  as  good  as  another; 
but  for  bird  students  in  general  there  should  be  common  names  that  describe 
birds  in  some  sensible  way  rather  than  names  that  record  for  all  time  mere  nomen- 
clatural  confusions  and  mistakes. 
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is  customary  for  individuals  of  this  genus  to  migrate  while  in  juvenal 
feather  is  a question  we  cannot  at  present  answer. 

53.  Empidonax  hammondi  (Xantus).  Hammond’s  Flycatcher. 

Recorded  only  in  the  vicinity  of  Kenton,  Cimarron  County,  once 
with  certainty  in  1932  (a  female  taken  September  26);  and  upon  two 
occasions  in  1933:  on  September  21,  when  two  specimens  were  taken 
(one  a male;  sex  of  the  other  not  determined);  and  on  September  25, 
when  a male  and  female  were  taken.  All  these  birds  were  collected 
in  oak-lined,  rocky  gullies  along  steep  mesa-sides  about  six  miles  south 
of  Kenton,  not  far  from  the  Regnier  ranch-house.  On  the  last  named 
of  the  above  dates  several  small  flycatchers  were  seen  in  these  oak- 
lined  gullies,  and  one  of  these  proved  upon  collection  to  be  Empidonax 
trailli ; but  it  is  our  present  belief  that  none  of  them  was  E.  minimus , 
which  apparently  is  found  in  the  Kenton  region  only  in  the  cotton- 
wood growth  along  the  streams.  Identification  of  living  birds  we 
found  to  be  practically  impossible,  however,  for  none  of  them  gave 
forth  any  distinct  call-note. 

All  of  our  specimens  of  E.  hammondi  are  strongly  yellowish  beneath, 
and  are  probably  of  the  so-called  “yellow-bellied  phase”  mentioned 
by  Ridgway.15  All  bear  strong  superficial  resemblance  to  E.  minimus , 
but  they  have  much  smaller,  narrower  and  darker  bills;  the  tenth  pri- 
mary is  longer  than  the  fifth;  and  the  contrast  as  observable  from 
above  between  the  gray  of  the  head  and  the  green  of  the  back  is  stronger 
than  in  minimus.  In  identifying  our  specimens  we  borrowed  from  the 
U.  S.  National  Museum  four  California  specimens.  In  two  of  these 
(male,  female)  the  bills  are  noticeably  larger  than  in  any  of  our 
birds;  but  the  bills  of  the  other  two  California  birds  are  as  small  as  in 
our  Oklahoma  Panhandle  individuals.16  Ridgway  tells  us  that  the 
middle  toe  of  hammondi  is  “much  longer”  than  that  of  minimus. 
This  statement  is  not  borne  out  in  the  specimens  at  hand. 

Our  Kenton  specimens  apparently  furnish  the  first  records  of  this 
interesting  little  flycatcher  for  the  State  of  Oklahoma.  Hammond’s 
Flycatcher  is  probably  a regular  and  common  transient  in  the  Black 
Mesa  country. 

15Ridgway,  Robert.  Birds  of  North  and  Middle  America. — Bulletin  United 
States  National  Museum,  No.  50.  Part  IV,  1907,  565. 

I6Possibly  an  age  difference. 
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54.  Myiochanes  richardsoni  richardsoni  (Swainson).  Western 

Wood  Pewee. 

Recorded  on  three  occasions,  and  only  in  the  vicinity  of  Kenton, 
Cimarron  County:  September  25,  1932,  an  immature  female  taken 
at  the  mouth  of  the  Tequesquite;  September  25,  1933,  two  immature 
birds  taken;  and  September  26,  1933,  two  birds  seen,  one  apparently 
an  adult,  the  other  an  immature.  None  of  these  birds  was  heard  to 
utter  any  sort  of  call-note. 

55.  Nuttallornis  mesoleucus  (Lichtenstein).  Olive-sided  Flycatcher. 

A female  specimen  of  this  species,  taken  by  us  on  September  25, 
1932,  at  the  mouth  of  the  Tequesquite  not  far  from  Kenton,  Cimarron 
County,  is  apparently  the  first  to  be  taken  in  the  State.  Mrs.  Nice 
(1931,  122)  calls  the  Olive-sided  Flycatcher  a “rare  transient”  in 
Oklahoma. 

56.  Otocoris  alpestris  (Linnaeus).  Horned  Lark. 

We  noted  this  species  in  nearly  all  sections  of  the  State  traversed 
by  us,  finding  it  by  far  the  most  abundant  bird  of  the  treeless  Pan- 
handle plain  and  of  the  prairie-like  sections  between  Alva,  Woods 
County,  and  Pawhuska,  Osage  County.  In  the  immediate  vicinity 
of  Kenton,  Cimarron  County,  it  was  strikingly  absent,  though  eight 
miles  east  of  Kenton  (where  the  mesa  country  abruptly  ends  and  the 
plains  begin)  it  was  common,  small  flocks  being  encountered  here  and 
there  along  the  highway  or  in  the  desert-like  open  stretches. 

We  procured  specimens  of  two  subspecies.  A male  taken  from  a 
large  flock  encountered  near  Boise  City,  Cimarron  County,  on  October 
5,  1932,  and  remains  of  three  individuals  picked  up  on  the  same  date 
in  the  vicinity  of  Guymon,  Texas  County,  all  apparently  are  referable 
to  0.  a.  leucolaema  (Coues);  whereas  a single  male,  taken  from  a loose 
flock  near  Pawhuska,  Osage  County,  on  October  8,  1932,  is  a Prairie 
Horned  Lark,  0.  a.  praticola  Henshaw. 

57.  Hirundo  erythrogaster  Boddaert.  Barn  Swallow. 

Noted  only  in  the  Panhandle.  An  adult  and  two  young  birds  were 
seen  at  Guymon,  Texas  County,  on  September  20,  1932,  and  during 
the  same  year  four  adults  were  seen  at  Kenton,  Cimarron  County,  on 
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September  30.  In  1933,  three  were  seen  near  Kenton  on  September 
21,  and  two  more  were  noted  on  September  24. 

58.  Cyanocitta  cristata  (Linnaeus).  Blue  Jay. 

We  noted  this  species  many  times  along  the  highway  between  the 
northeastern  corner  of  the  State  (Ottawa  County)  and  Oklahoma 
City,  Oklahoma  County,  and  also,  though  somewhat  less  commonly, 
between  Oklahoma  City  and  Arnett,  Ellis  County,  on  September 
18  and  19,  1932.  We  did  not  observe  it  at  all  in  crossing  the  Pan- 
handle plain.  At  Kenton,  Cimarron  County,  we  found  it  rare  and 
irregular.  On  September  25  we  saw  a flock  of  twelve  apparently 
transient  individuals.  On  September  29  we  saw  another  flock  and 
took  one  bird,  a female.  On  September  30,  one  bird,  and  on  October 
1,  three  birds  were  seen. 

In  1933  we  saw  it  again  in  eastern  and  central  Oklahoma,  but 
looked  in  vain  for  it  about  Kenton  until  September  28,  when,  at  night- 
fall, a flock  of  eight  was  seen  descending  from  high  in  the  sky  to  the 
walnut  trees  along  the  Tequesquite  where  they  promptly  sought  a 
roosting-place  for  the  night.  These  birds  were  probably  transients, 
perhaps  actually  on  their  way  southward.  By  getting  out  early  on 
the  morning  of  the  29th  we  succeeded  in  shooting  one  individual,  a 
male,  before  the  flock  departed. 

In  Mrs.  Nice’s  opinion  (1931,  126)  the  Northern  Blue  Jay,  C.  c. 
cristata , is  “resident  throughout  the  state.”  Before  attempting 
identification  of  our  two  Kenton  birds  I borrowed  from  the  Uni- 
versity of  Oklahoma,  the  Colorado  Museum  of  Natural  History, 
the  Carnegie  Museum,  and  the  University  of  Kansas  a total  of  sixty- 
one  specimens  of  Blue  Jay;  and  collected  three  specimens  in  fresh 
fall  plumage  near  Ithaca,  New  York,  so  as  to  have  an  abundance  of 
strictly  comparable  material. 

Our  two  Kenton  birds  are  plainly  different  from  all  New  York 
specimens  at  hand;  they  tend  to  be  smaller,  and  they  are  decidedly 
less  blue  and  more  grayish  throughout  the  upper  parts,  especially  on 
the  crest.  They  also  are  plainly  different  from  a series  of  seven 
specimens  from  Whitfield,  Florida,  being  larger,  less  purplish  blue 
above,  and  relatively  smaller-billed.  They  are  far  closer  to  specimens 
from  Kansas  and  Colorado,  all  of  which  appear  to  be  paler  throughout 
than  more  eastern  birds;  and  these  western  birds  are  uniform  enough, 
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as  a series,  to  suggest  the  likelihood  of  their  representing  a race  whose 
range  we  may  postulate  for  the  western,  or  perhaps  the  southwestern 
margin  of  the  range-at-large  of  Cyanocitta  cristata. 

The  nomenclature  pertaining  to  the  races  of  Cyanocitta  cristata  is 
confusing.  According  to  the  present  A.  O.  U.  “Check-List,”  our  New 
York  birds  should  be  C.  c.  cristata , and  the  Whitfield,  Florida,  birds 
C.  c.  florincola  Coues.  According  to  Oberholser,17  on  the  other  hand, 
the  New  York  birds  should  be  C.  c.  bromia  Oberholser,  and  the  Whit- 
field, Florida,  birds  C.  c.  cristata.  Whether  birds  from  the  vicinity  of 
Wayne  County,  Ohio,  the  type-locality  of  bromia , are  different  from 
those  of  Putnam  County,  Florida  (the  type-locality  of  florincola) ; 
and  from  those  of  “southeastern”  South  Carolina  (the  type-locality 
of  cristata)  we  cannot  from  personal  investigation  say;  but  we  should 
expect  the  birds  from  northern  Ohio  to  be  the  same  as  those  from  New 
York;  and  we  should  rather  expect  South  Carolina  breeding  birds  to 
be  different  from  Ohio  and  New  York  birds.  Be  these  matters  as 
they  may,  it  appears  from  the  considerable  series  of  specimens  at 
hand  that  the  pale,  blue-gray  birds  from  extreme  northwestern 
Oklahoma,  western  Kansas,  and  eastern  Colorado  represent  a westerly 
ranging  race  of  Cyanocitta  cristata  that  is  different  from  any  known 
eastern  race,  and  that  is  at  present  without  a name. 

Unfortunately  we  have  been  able  to  procure  for  comparison  only 
a very  few  specimens  from  Oklahoma.  Our  Kenton  birds  are  grayer 
than  four  individuals  collected  in  sections  of  Oklahoma  east  of  the 
Panhandle  (University  of  Oklahoma  Museum),  suggesting  that  some 
eastern  race  may  possibly  occur  throughout  central  and  eastern  parts 
of  the  State;  and  that  the  range  of  Cyanocitta  cristata  probably  is 
definitely  interrupted  by  the  Panhandle  plain. 

That  the  closest  affinities  of  our  Kenton  birds  are  with  a northerly18 
rather  than  a southerly  race  is  obvious  from  the  general  effect  and 
appearance  of  the  color-tones  of  the  upper  parts,  and  the  proportions 
of  the  bill.  That  they  are  not  greatly  different  in  size  from  speci- 
mens taken  in  New  York  is  shown  by  the  following  measurements. 

i7Oberholser,  Harry  C.  The  Geographic  Races  of  Cyanocitta  cristata. — 
Auk,  XXXVIII,  1921,  83-89. 

l8Oberholser,  in  his  paper  on  the  races  of  Cyanocitta  cristata,  says:  “Ex- 
amples from  central  northern  and  northwestern  Texas,  as  well  as  from  central 
Oklahoma,  are,  however,  decidedly  intermediate,  but  apparently  belong  to  this 
northern  subspecies.” 
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Measurements  (in  millimeters)  of  Cyanocitta  cristata 
in  Fresh  Fall  Plumage. 


Locality 

GMS  No. 

Sex 

Bill  1 9 

Wing 

Tail 

Tarsus 

Kenton,  Okla. 

5252 

c? 

18 

138 

134 

35 

Ithaca,  N.  Y. 

5256 

c? 

20.5 

140 

133 

37 

Ithaca,  N.  Y. 

5260 

c? 

20.5 

141 

135 

38 

Kenton,  Okla. 

4656 

9 

18.5 

131 

124 

34 

Ithaca,  N.  Y. 

5257 

9 

19 

130 

124 

34 

59.  Aphelocoma  californica  woodhousei  (Baird).  Woodhouse’s  Jay. 

A common  bird  in  the  Black  Mesa  country  of  Cimarron  County, 
where  we  observed  it  daily  among  the  conifers  and  scrub-oak  of  the 
mesa-slopes,  and  took  several  specimens,  all  in  perfect  feather.  Not 
noted  elsewhere  in  the  State. 

60.  Pica  pica  hudsonica  (Sabine).  American  Magpie. 

Noted  only  in  the  Black  Mesa  country  of  Cimarron  County.  It  is 
our  opinion  that  this  species  is  rapidly  becoming  commoner  in  the 
vicinity  of  Kenton.  In  1932  we  recorded  it  on  several  dates,  notably 
at  the  A.  L.  Brookhart  ranch,  15  miles  northeast  of  Kenton,  and 
along  the  Tequesquite,  where  we  found  remains  of  nests  in  some  high 
walnut  trees.  In  1933  we  were  surprised  at  finding  it  in  nearly  all 
the  clumps  of  cottonwood  near  Kenton,  family  flocks  trooping  here 
and  there  on  the  mesa-sides,  flying  down  to  the  river  for  drinking  and 
bathing,  and  assembling  in  considerable  companies  at  eventide  at 
favorite  roosting-places.  We  found  twenty  or  more  bulky  nests  that 
must  have  been  built  during  the  spring  of  1933. 

We  took  four  specimens  in  all,  according  to  Mrs.  Nice  (1931,  127) 
the  first  to  be  taken  in  Oklahoma:  a male,  October  1,  1932;  a female, 
October  2,  1932;  and  a male  and  immature  female  (postjuvenal  moult 
about  half  completed)  on  September  27,  1933. 

The  behavior  of  magpies  after  dark  interested  us  greatly.  Once 
the  birds  had  gone  to  roost  they  were  loath  to  leave  the  trees,  and  upon 
being  frightened  flopped  about  clumsily,  making  their  way  to  trees 
nearby,  where  they  became  quiet  as  soon  as  possible.  If  disturbed 
in  the  early  evening  at  a favorite  roosting-place  they  frequently  flew 
to  the  mesas,  then  trailed  back,  one  by  one,  in  a series  of  swift,  head- 
long plunges,  just  at  nightfall. 

l9Measured  from  tip  of  upper  mandible  to  anterior  margin  of  nostril. 
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61.  Corvus  cryptoleucus  Couch.  White-necked  Raven. 

On  October  7,  1932,  about  fifteen  miles  east  of  Arnett,  Ellis  County, 
we  saw  a large  flock  of  White-necked  Ravens  circling  high  in  air. 
We  did  not  note  the  species  elsewhere  in  the  State. 

62.  Corvus  brachyrhynchos  Brehm.  Crow. 

We  noted  crows  practically  everywhere  along  our  route  through 
eastern  and  central  Oklahoma.  On  the  Panhandle  plain  and  in  the 
Black  Mesa  country  we  never  once  saw  them,  though  we  looked  for 
them  constantly  about  Kenton,  hoping  that  we  might  procure  speci- 
mens of  the  western  subspecies,  C.  b.  hesperis  Ridgway. 

The  head,  wing,  and  foot  of  a male  specimen  taken  near  Laverne, 
Harper  County,  on  October  5,  1932,  were  preserved.  The  appearance 
and  measurements  of  these  indicate  the  eastern  race,  C.  b.  brachy- 
rhynchos: exposed  culmen,  44  mm.;  wing,  322;  tarsus,  60. 

63.  Cyanocephalus  cyanocephalus  (Wied).  Pinyon  Jay. 

Noted  only  in  the  Black  Mesa  country  of  Cimarron  County,  where 
we  found  it  to  be  fairly  common  on  the  mesas.  We  took  several  speci- 
mens, one  a male  in  juvenal  plumage  (September  22,  1932). 

For  some  reason,  perhaps  because  of  scarcity  of  pine  cones,  the 
Pinyon  Jays  fed  much  of  the  time  during  our  1933  visit  in  the  low- 
lands, foraging  among  the  weed-growth  of  the  pastures  and  eating 
especially  the  hard  seeds  of  the  plant  called  “devil’s  horns.”  The 
crop  and  stomach  of  a female  bird  taken  from  a large  flock  that  was 
feeding  along  the  Tequesquite  on  the  morning  of  September  29,  1933, 
were  packed  with  these  dry,  rough  seeds. 

64.  Penthestes  gambeli  (Ridgway).  Mountain  Chickadee. 

We  recorded  this  species,  which  is  not  listed  by  Mrs.  Nice  (1931), 
on  three  occasions,  in  the  far  western  Panhandle,  and  took  two  speci- 
mens, apparently  the  first  for  the  State:  a male,  September  25,  1933, 
from  large  pine  trees20  on  a mesa-top  six  miles  south  of  Kenton;  and 
a male,  September  29,  1933,  from  hackberry  trees  along  the  head- 
waters of  the  Tequesquite.  We  saw  and  heard  a chickadee  (pro- 
bably of  the  present  species,  though  the  white  superciliary  line  was 
not  noted)  on  September  29,  1932,  among  cedars  on  a mesa-top  about 
three  miles  east  of  Kenton. 

20Mountain  Pines,  so-called — a rare  tree  in  the  Kenton  region. 
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Our  specimens  presumably  are  of  the  well-known,  widely  ranging 
race,  P.  g.  gambeli , that  is  said  to  occur  throughout  eastern  portions 
of  the  Rocky  Mountain  region. 

65.  Baeolophus  inornatus  griseus  (Ridgway).  Gray  Titmouse. 

Mrs.  Nice  (1931,  132)  calls  this  bird  an  “uncommon  winter  visitant 
in  Cimarron  County.”  We  noted  it  so  many  times  in  the  Black  Mesa 
country  (taking  a total  of  four  specimens)  that  we  are  inclined  to 
consider  it  fairly  common,  and  furthermore  to  believe  that  it  may 
nest  in  the  region.  True,  we  did  not  observe  family  flocks  going  about 
together  on  any  occasion;  but  we  saw  it  repeatedly  before  any  general 
influx  of  other  winter  visitant  species  had  taken  place.  Call-notes  of 
the  species  we  thought  to  be  strongly  chickadee-like. 

66.  Psaltriparus  minimus  plumbeus  (Baird).  Lead-colored  Bush- 

Tit. 

Noted  only  on  the  mesas  about  Kenton,  Cimarron  County,  where 
about  forty  individuals  were  seen  (and  two  collected)  on  September 
23,  1932;  several  family  groups  were  noted  on  September  20,  1933; 
and  a family  flock  of  eight  was  watched  for  some  time  on  September 
27,  1933-  Irides  in  young  specimens  were  grayish  white;  in  mature 
specimens  very  pale  straw-color,  almost  silvery  in  appearance. 

67.  Sitta  carolinensis  Latham.  White-breasted  Nuthatch. 

Mrs.  Nice  (1931,  133)  considers  the  well-known  eastern  race  of  this 
species,  S.  c.  carolinensis , “resident”  in  northeastern  Oklahoma,  so  that 
it  is  likely  the  White-breasted  Nuthatches  noted  by  us  in  wooded 
sections  of  Craig  and  Rogers  Counties  were  of  this  race. 

A female  specimen  taken  by  us  along  the  Tequesquite,  near  Kenton, 
Cimarron  County,  on  September  22,  1933,  is  obviously  not  of  the 
eastern  race,  however,  but  is  apparently  a Rocky  Mountain  Nuthatch, 
S',  c.  nelsoni  Mearns.  According  to  Mrs.  Nice’s  list  this  is  the  first 
specimen  of  this  subspecies  for  the  State,  and  it  is  the  only  nuthatch 
of  any  species  observed  by  us  in  the  far  western  Panhandle. 

68.  Troglodytes  domesticus  (Wilson).  House  Wren. 

We  recorded  this  species  only  in  the  vicinity  of  Kenton,  Cimarron 
County,  where  we  took  four  specimens,  three  males  and  one  female. 
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According  to  personal  word  from  Mrs.  Nice  these  are  the  only  Okla- 
homa specimens  of  this  wren  at  present  extant:  1932,  male,  September 
23;  x933:  male,  September  21;  male,  September  22;  and  female,  Sep- 
tember 26.  We  recorded  the  species  as  late  as  October  1 in  1932. 

These  birds  appear  to  us  to  be  closer  to  T.  d.  parkmani  Audubon 
than  to  the  eastern  race,  but  they  do  not  agree  perfectly  with  Carnegie 
Museum  specimens  of  parkmani  and  they  apparently  are  not  dark 
enough  for  Oberholser’s  recently  described  baldwini,  which  is  said  to 
range  as  far  west  as  “western  Michigan,  central  northern  Indiana,  and 
western  Ohio”  in  summer,  and  to  “Illinois  and  Arkansas”  in  migration.21 

69.  Thryomanes  bewicki  (Audubon).  Bewick’s  Wren. 

Noted  only  in  the  far  western  Panhandle  where,  in  the  vicinity  of 
Kenton,  Cimarron  County,  we  found  it  to  be  a fairly  common  species 
and  took  a series  of  ten  specimens,  one  an  immature  individual  in  the 
midst  of  the  postjuvenal  moult  (September  25,  1933). 

We  took  two  specimens  in  1932.  These  were  provisionally  identi- 
fied as  T.  b.  cryptus  Oberholser,  though  it  was  noted  that  the  general 
coloration  of  the  upper  parts  was  distinctly  different  from  that  of 
cryptus.  After  collecting  additional  specimens  in  1933  we  borrowed 
comparative  material  (146  specimens  in  all),  decided  that  the  Kenton 
birds  were  distinct  from  T.  b.  eremophilus  Oberholser  as  well  as  from 
cryptus  and  other  recognized  forms,  and  gave  them  the  name  Thryo- 
manes bewicki  niceae  in  honor  of  Mrs.  Nice  (Auk,  LI,  1934,  217). 
In  our  description  of  this  new  form  we  called  attention  to  the  fact 
that  the  Oklahoma  range  of  niceae  apparently  is  restricted  to  the  far 
western  Panhandle;  that  no  form  of  Bewick’s  Wren  is  known  to  in- 
habit the  vast  Panhandle  plain;  and  that  the  subspecies  found  through- 
out central  and  southern  parts  of  the  State  is  probably  T.  b.  cryptus , 
unless  T.  b.  bewicki  is  found  “on  the  eastern  border”  (see  Mrs.  Nice’s 
paper,  1931,  135). 

70.  Cistothorus  stellaris  (Naumann).  Short-billed  Marsh  Wren. 

Recorded  once,  on  September  24,  1932,  a mile  west  of  Kenton, 
Cimarron  County,  where  a female  was  taken  from  the  grasslands 
between  two  mesas. 

2iOberholser,  Harry  C.  A Revision  of  the  North  American  House  Wrens. 
Ohio  Journal  of  Science,  XXXIV,  1934,  86. 
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71.  Catherpes  mexicanus  conspersus  Ridgway.  Canyon  Wren. 

Noted  only  in  the  Black  Mesa  country  of  the  far  western  Panhandle, 
where  we  found  it  here  and  there  among  the  mesas  about  Kenton 
and  took  several  specimens,  most  of  them  being  in  the  moult. 

72.  Salpinctes  obsoletus  obsoletus  (Say).  Rock  Wren. 

Noted  only  in  the  far  western  Panhandle  where  we  found  it  common 
and  took  several  specimens,  some  of  them  in  the  moult.  It  is  much 
more  abundant  in  the  vicinity  of  Kenton  than  the  Canyon  Wren,  and 
is  to  be  encountered  frequently  near  the  highways  that  skirt  the 
mesas.  It  is  a friendly,  vivacious  bird,  given  to  mounting  prominent 
boulders,  where  it  bobs  energetically  while  uttering  its  alarm  cry. 

73.  Mimus  polyglottos  (Linnaeus).  Mockingbird. 

Mockingbirds  seen  by  us  in  eastern  and  central  parts  of  the  State 
were  probably  of  the  eastern  race,  M.  p.  polyglottos.  A single  bird 
seen  near  Gate,  Beaver  County,  on  September  20,  1932;  one  seen  at 
Kenton  on  September  21,  1932;  and  single  birds  noted  along  the 
Tequesquite  on  September  22,  24,  and  26,  1933,  may  have  been  of  the 
western  race,  M.  p.  leucopterus  Vigors,  but  no  specimen  was  taken. 

74.  Dumetella  carolinensis  (Linnaeus).  Catbird. 

Noted  only  at  Kenton,  Cimarron  County,  where  a female  specimen 
was  taken  on  September  21,  1933,  at  the  mouth  of  the  Tequesquite. 

75.  Toxostoma  rufum  (Linnaeus).  Brown  Thrasher. 

Noted  only  in  the  vicinity  of  Kenton,  Cimarron  County,  where  a 
single  bird  was  seen  on  September  23,  1932,  and  two  specimens  were 
taken  during  1933:  a male  on  September  26  (not  preserved);  and  a 
somewhat  youngish  female  on  September  29. 

76.  Toxostoma  curvirostre  (Swainson).  Curve-billed  Thrasher. 

Mrs.  Nice  (1931)  does  not  include  this  species  in  her  list.  We  did 
not  note  it  in  1932,  but  recorded  it  several  times  in  the  vicinity  of 
Kenton  during  our  1933  visit,  and  finally  succeeded  in  securing  two 
specimens:  an  adult  in  the  midst  of  the  postnuptial  moult,  September 
22  (embalmed  specimen);  and  a male,  apparently  an  adult,  in  fresh 
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plumage,  September  29.  This  latter  individual  is  noticeably  grayer 
than  any  specimen  of  T.  c.  curvirostre  in  the  Carnegie  Museum  Col- 
lection, but  is  apparently  closer  to  this  race  than  to  any  other,  and  the 
series  at  hand  are  not  in  strictly  comparable  plumage. 

77.  Oreoscoptes  montanus  (Townsend).  Sage  Thrasher. 

Mrs.  Nice  (1931,  141)  calls  this  species  a “rare  summer  resident” 
in  western  Cimarron  County.  We  recorded  it  so  frequently  through- 
out both  our  visits  and  took  so  many  specimens  that  we  regard  it  as  a 
fairly  abundant  fall  transient  in  the  Kenton  region,  and  are  inclined 
to  think  it  must  be  fairly  common  in  summer  at  the  present  time.  We 
saw  it  nowhere  to  the  eastward  of  the  Black  Mesa  country. 

78.  Turdus  migratorius  Linnaeus.  American  Robin. 

Robins  seen  by  us  in  eastern  and  central  Oklahoma  were  probably 
of  the  eastern  race,  T.  m.  migratorius.  As  to  birds  seen  in  the  Kenton 
region  (1932:  two  seen,  September  21;  three  seen,  October  3 — 1933: 
one  seen,  September  24;  one  seen,  September  29)  we  cannot  say.  A 
fine  male  specimen,  taken  September  29,  1933,  along  the  Tequesquite, 
has  very  little  white  on  the  outermost  rectrices  and  is  apparently  a 
Western  Robin,  T.  m.  propinquus  Ridgway. 

79.  Hylocichla  guttata  (Pallas).  Hermit  Thrush. 

Identified  with  certainty  only  in  the  vicinity  of  Kenton,  Cimarron 
County,  where  it  was  recorded  throughout  the  period  of  both  our 
visits  and  a total  of  eight  specimens  was  taken,  five  in  1932  and  three 
in  1933.  The  1932  specimens  were  provisionally  identified  as  Hylo- 
cichla guttata  sequoiensis  (Belding),  though  it  was  observed  that  the 
series  was  not  uniform,  and  we  were  in  considerable  doubt  as  to  one 
large-sized  bird.  Some  of  our  difficulty  centered  in  the  suspicion 
that  there  was  some  mistake  in  the  sexing  of  our  specimens. 

After  our  1933  expedition  we  submitted  all  our  specimens  save  one 
to  Dr.  Oberholser,  who  pronounced  four  of  them  H.  g.  oromela  Ober- 
holser;  one  of  them  H.  g.  auduhoni  (Baird);  and  two  of  them  H.  g. 
polionota  Grinnell.  Since  all  specimens  were  taken  during  the  period 
of  the  fall  migration  (from  September  22  to  September  30),  we  attach 
no  special  significance  to  the  date  upon  which  any  was  taken.  The 
auduhoni  (“not  typical”  according  to  Oberholser)  was  collected 
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September  23,  1933.  The  polionota  (both  females)  were  taken  Sep- 
tember 27,  1932,  and  September  26,  1933.  The  oromela  (four  females) 
were  all  taken  in  1932. 

One  additional  specimen  (a  poor  skin,  questionably  a female), 
taken  September  29,  1933,  was  submitted  to  Mr.  Riley,  who  expressed 
the  opinion  that  it  should  be  H.  g.  dwighti  Bishop.  The  bird  was 
a young  individual  of  the  year,  as  shown  by  the  spots  on  the  wing- 
coverts.  Following  Mr.  Riley’s  suggestion,  we  sent  this  specimen 
on  to  Dr.  Bishop  who,  after  comparing  it  with  the  extensive  series 
of  guttata  in  the  Los  Angeles  Museum,  called  it  “a  typical  specimen 
of  H.  g.  dwighti .”  In  Dr.  Bishop’s  letter  (dated  March  16,  1934)  are 
the  following  pertinent  sentences:  “After  seeing  your  bird  I refer  the 
Arkansas  bird  also  to  dwighti  without  hesitation,  and  suspect  that 
many  of  the  eastern  records  of  guttata  will  prove  to  be  of  this  form. 
Nor  would  this  be  strange,  as  the  breeding  bird  of  northern  Idaho 
would  apparently  be  more  likely  to  wander  east  than  would  that  of 
Alaska.’’ 

Obviously  subspecific  identification  of  transient  or  wintering 
Hermit  Thrushes  of  the  Kenton  region  is  impossible  without  the 
collecting  of  specimens.  Since  we  have  had  no  ready  access  to  ex- 
tensive series  of  guttata  we  are  glad  to  accept  the  findings  of  the  three 
above-named  gentlemen  upon  the  eight  specimens  collected.  It  is 
interesting  to  observe  that  not  one  of  the  subspecies  taken  by  us  is 
mentioned  by  Mrs.  Nice  in  her  admirable  book.  Under  the  circum- 
stances it  seems  likely  that  certain  specimens  listed  by  her  under  H. 
g.  sequoiensis  (1931,  143)  are  of  the  more  recently  named  subspecies 
dwighti , polionota , and  oromela. 

* 80.  Hylocichla  ustulata  (Nuttall).  Olive-backed  Thrush. 

We  recorded  Hylocichla  ustulata  only  in  the  Kenton  region,  where 
it  is  apparently  a rare  transient.  A specimen  shot  on  September  21, 
1932,  and  badly  mutilated,  unfortunately  was  lost  before  any  sub- 
specific identification  was  made.  A female  specimen  taken  at  the 
mouth  of  the  Tequesquite  on  September  29,  1933,  is  of  the  eastern 
race,  H.  u.  swainsoni  (Tschudi).  Mrs.  Nice  (1931,  143)  calls  this 
subspecies  a “regular  spring  transient  throughout  the  state,”  but  does 
not  mention  its  occurrence  in  the  fall.  It  seems  to  us  likely  that  the 
western  subspecies,  H.  u.  ustulata , may  also  occur  as  a transient  in 
the  Kenton  region. 
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81.  Sialia  sialis  (Linnaeus).  Eastern  Bluebird. 

Seen  at  several  points  in  the  northeastern  corner  of  the  State  during 
both  1932  and  1933,  the  most  westerly  locality  at  which  it  was  def- 
initely recorded  being  between  Seiling  and  Chester,  in  Major  County: 
a good  sized  flock,  October  7,  1932.  Mr.  Tate  has  recorded  the  species 
about  Kenton  in  summer,  but  we  did  not  see  it  there  (see  Mrs.  Nice’s 
list,  1931,  144). 

82.  Sialia  currucoides  (Bechstein).  Mountain  Bluebird. 

Noted  only  in  the  vicinity  of  Kenton,  Cimarron  County.  In  1932 
it  was  recorded  first  on  September  27,  on  which  date  a family  group 
was  seen.  On  September  28  a male  was  taken.  On  October  1 three 
were  seen  and  a male  was  taken.  On  October  3 (sudden  colder 
weather)  there  was  a noticeable  migratory  wave,  large  flocks  being 
seen  everywhere  about  the  mesas,  and  three  adults  and  two  immature 
specimens  being  taken.  On  October  4 many  were  seen  eating  cedar 
berries.  In  1933  it  was  recorded  but  once:  September  29,  a single 
bird  flying  high  over  a mesa  just  east  of  Kenton. 

83.  Myadestes  townsendi  (Audubon).  Townsend’s  Solitaire. 

Recorded  only  in  the  vicinity  of  Kenton,  Cimarron  County,  and 
only  during  1933:  September  20,  two  seen,  and  a female  specimen 
taken  along  the  Tequesquite;  September  22,  a female  taken;  Sep- 
tember 29,  two  seen  flying  along  the  rim  of  a mesa  on  the  John  Regnier 
ranch,  six  miles  south  of  Kenton. 

84.  Polioptila  caerulea  (Linnaeus).  Blue-gray  Gnatcatcher. 

Noted  only  near  Kenton,  Cimarron  County,  and  only  during  1932, 
a single  bird  on  each  of  the  following  dates:  September  23,  24,  and  30. 
The  bird  seen  on  the  30th  (female)  was  collected. 

This  specimen  apparently  is  close  to  the  western  race,  P.  c.  amoenis- 
sima  Grinnell,  for  it  is  paler  above  than  female  caerulea  from  the 
eastern  United  States,  and  the  black  at  the  base  of  the  outermost 
rectrices  shows  plainly  beyond  the  tips  of  the  under  tail-coverts. 
Measurements  of  the  specimen  are:  exposed  culmen,  10.5  mm.;  wing, 
51.5;  tail,  52;  tarsus,  17.5. 
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85.  Corthylio  calendula  calendula  (Linnaeus).  Eastern  Ruby- 

crowned  Kinglet. 

Noted  throughout  both  visits  in  the  Black  Mesa  country,  notably 
on  September  23  and  27,  1933,  when  specimens  (one  adult,  one  im- 
mature) were  taken.  These  are  clearly  referable  to  the  eastern  race. 

86.  Anthus  spraguei  (Audubon).  Sprague’s  Pipit. 

One  bird  noted,  in  open  prairie  nine  miles  east  of  Kenton,  Cimarron 
County,  on  October  2,  1932.  This  date  probably  marks  the  beginning 
of  the  autumnal  migration  of  the  species  through  the  Panhandle. 

87.  Lanius  ludovicianus  Linnaeus.  Loggerhead  Shrike. 

Shrikes  of  this  species  seen  here  and  there  all  along  the  highway 
between  the  northeastern  corner  of  the  State  and  Oklahoma  City 
presumably  were  Migrant  Shrikes,  L.  1.  migrans  Palmer.  Whether 
birds  seen  between  Oklahoma  City  and  Arnett,  Ellis  County,  were  of 
the  same  race  we  cannot  at  present  say.  Specimens  taken  in  the 
vicinity  of  Kenton,  Cimarron  County,  where  the  species  was  abundant, 
are  all  referable  to  L.  1.  excubitorides  Swainson,  the  White-rumped 
Shrike.  Most  specimens  taken  were  in  the  moult.  Very  few  shrikes 
were  seen  along  the  trans-Panhandle  highway. 

88.  Vireo  gilvus  (Vieillot).  Warbling  Vireo. 

During  the  course  of  our  field-work  in  Oklahoma  we  noted  only  one 
vireo,  a Warbling  Vireo  (female)  taken  near  Kenton,  Cimarron 
County,  on  September  22,  1933.  Since  this  specimen  is  smaller  and 
darker  than  average  eastern  gilvus , and  since  there  is  a noticeable 
contrast  between  the  shade  of  the  pileum  and  that  of  the  back,  it 
obviously  represents  the  western  race,  V.  g.  swainsoni  Baird. 

89.  Vermivora  celata  (Say).  Orange-crowned  Warbler. 

We  did  not  record  this  species  anywhere  east  of  Ellis  County,  but 
this  was  almost  certainly  because  we  did  not  pause  anywhere  along  the 
way.  In  Ellis,  Harper,  and  eastern  Beaver  Counties  we  saw  it  re- 
peatedly; we  did  not  note  it  in  crossing  the  Panhandle  plain;  but  in 
northwestern  Cimarron  County  we  noted  it  every  day,  and  considered 
it  one  of  the  commonest  warblers  of  the  region. 

We  collected  ten  specimens  in  all.  Of  these  five  are  clearly  refer- 
able to  the  eastern  race,  V.  c.  celata : female,  Laverne,  Harper  County, 
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September  20,  1932;  female,  Kenton,  Cimarron  County,  September 

24,  1932;  male,  Kenton,  October  3,  1932;  female,  Kenton,  September 

25,  1933  5 and  female  (?),  embalmed,  Kenton,  September  28,  1933. 
Four  are  too  strongly  yellow  below  for  celata  and  probably  should 

be  called  V.  c.  orestera  Oberholser,  a form  not  listed  by  Mrs.  Nice 
(1931)  and  not  recognized  in  the  present  A.  O.  U.  “Check-List.”  All 
these  orestera  were  taken  about  Kenton:  male,  September  23,  1932; 
male,  September  30,  1932;  male,  September  21,  1933;  and  male 
(embalmed),  September  23,  1933. 

One,  taken  among  tall  mountain  pines  about  six  miles  south  of 
Kenton,  on  September  25,  1933,  is  too  yellow,  throughout  the  entire 
ventral  region,  even  for  orestera , the  malar  region,  lores,  eye-ring, 
and  face  in  general  being  strongly  yellowish.  This  bird  (sex  ?)  we 
must  call  V.  c.  lutescens  (Ridgway),  a western  race  that  is  probably 
not  a regular  transient  in  the  Black  Mesa  country. 

90.  Vermivora  ruficapilla  (Wilson).  Nashville  Warbler. 

A yellow-breasted  warbler  noted  along  the  Cimarron  River  near 
Kenton  on  September  24,  1932,  was  probably  of  this  species,  but  it 
was  not  collected.  The  western  subspecies,  V.  r.  ridgwayi  van 
Rossem,  may  migrate  through  the  Black  Mesa  country  regularly,  in 
view  of  the  possibility  that  eastern  ruficapilla  is  restricted  to  “eastern 
and  central  Oklahoma”  (Nice,  1931,  156). 

91.  Dendroica  caerulescens  (Gmelin).  Black-throated  Blue 

Warbler. 

We  took  a female  specimen  (Kenton,  October  1,  1932)  that  is 
apparently  of  the  well-known  northern  race,  D.  c.  caerulescens.  Mrs. 
Nice  (1931,  158),  who  characterizes  this  species  as  a “rare  transient 
in  eastern  Oklahoma,”  informs  us  that  this  is  the  first  specimen  of 
Black-throated  Blue  Warbler  to  be  taken  in  the  State  since  the  time 
of  Woodhouse. 

92.  Dendroica  auduboni  (Townsend).  Audubon’s  Warbler. 

Noted  by  us  only  in  the  Kenton  region  of  Cimarron  County,  but 
recorded  there  daily  during  the  course  of  our  two  visits.  On  Sep- 
tember 28  in  1932  and  on  September  30  in  1933,  the  species  became 
suddenly  abundant  as  if  a migratory  wave  were  taking  place.  Several 


1934  Sutton:  Birds  of  Western  Panhandle  of  Oklahoma  41 

specimens  were  collected,  but  as  to  the  subspecies  represented  we  have 
not  been  able  to  decide. 

93.  Dendroica  townsendi  (Townsend).  Townsend’s  Warbler. 

This  pretty  warbler,  which  is  not  listed  by  Mrs.  Nice  (1931),  we 
recorded  several  times  in  the  Black  Mesa  country,  collecting  three 
specimens  in  the  vicinity  of  Kenton:  a handsome  male,  along  the 
Tequesquite,  September  21,  1932;  a female,  from  conifers  along  the 
base  of  a mesa,  September  25,  1933;  and  another  female,  on  the  John 
Regnier  ranch  six  miles  south  of  Kenton,  on  September  27,  1933. 
Our  specimens  are  apparently  the  first  to  be  taken  in  the  State. 

94.  Dendroica  striata  (Forster).  Black-poll  Warbler. 

A dull-colored  warbler  noted  on  October  3,  1932,  along  the  Teques- 
quite, proved  upon  being  collected  to  be  an  immature  male  of  the 
present  species.  The  specimen  was  embalmed. 

95.  Oporornis  tolmiei  (Townsend).  Macgillivray’s  Warbler. 

Recorded  by  us  only  in  the  Kenton  region,  Cimarron  County, 
where  we  took  three  apparently  immature  specimens  (the  first  of  this 
species  actually  taken  in  the  State)  from  weed-clumps  along  the 
Tequesquite  and  Cimarron:  September  20,  1932;  September  23,  1933; 
and  September  24,  1933.  All  these  specimens  were  badly  mutilated 
and  were  preserved  by  embalming. 

96.  Geothlypis  trichas  (Linnaeus).  Yellow-throat. 

We  noted  this  species  only  in  the  far  western  Panhandle,  where  it 
was  recorded  on  three  dates  in  1932:  September  22,  an  immature  fe- 
male taken  along  the  Tequesquite;  September  23,  several  seen  in 
high  weeds  along  the  Cimarron  and  Tequesquite;  and  September  26, 
three  seen  along  the  Tequesquite.  In  1933  it  was  noted  once,  on 
September  21,  when  a single  bird  was  seen  at  the  mouth  of  the  Teques- 
quite. 

The  specimen  taken  September  22,  1932,  is  referable  to  the  western 
subspecies,  G.  t.  occidentalis  Brewster,  and  is  apparently  the  first 
of  this  form  to  be  taken  in  the  State. 

97.  Wilsonia  pusilla  (Wilson).  Wilson’s  Warbler. 

We  recorded  this  species  only  in  the  far  western  Panhandle,  where 
we  considered  it  the  commonest  of  the  smaller  woodland  birds.  We 
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noted  it  daily  throughout  both  our  visits  in  the  Kenton  region,  took 
several  specimens,  and  doubtless  would  have  listed  it  at  various 
localities  east  of  the  Panhandle  plain  had  we  had  more  time  for  care- 
ful work  along  the  way. 

Both  the  well-known  eastern  and  a western  subspecies  are  to  be 
found  about  Kenton,  apparently  with  some  regularity,  during  the 
period  of  the  fall  migration,  W.  p.  pusilla  being  decidedly  the  rarer 
of  the  two  according  to  our  limited  observation.  The  abundant  form 
is  the  Northern  Pileolated  Warbler,  W.  p.  pileolata  (Pallas). 

We  recorded  W.  p.  pusilla  with  certainty  only  once,  on  September 
23,  1932,  when  a male  specimen  was  taken.  All  other  specimens 
prove  to  be  the  somewhat  larger  pileolata.  It  is  our  present  feeling 
that  this  latter  subspecies  possibly  is  recognizable  as  pileolata  in  the 
field,  for  its  customary  call-note  struck  us  as  being  different  from  that 
of  the  Wilson’s  Warbler  of  the  eastern  United  States. 

Our  specimens  of  W.  p.  pileolata  are  apparently  the  first  to  be  taken 
in  Oklahoma,  though  Mrs.  Nice  (1931,  164)  has  predicted  that  this 
subspecies  would  be  found  in  Cimarron  County  as  a transient. 

98.  Setophaga  ruticilla  (Linnaeus).  American  Redstart. 

Noted  once — an  immature  male  bird,  on  September  21,  1932,  near 
Kenton,  Cimarron  County. 

99.  Passer  domesticus  (Linnaeus).  English  Sparrow. 

Observed  here  and  there  about  the  towns  even  in  the  Panhandle 
plain  region;  fairly  common  at  Kenton,  Cimarron  County. 

100.  Sturnella  magna  (Linnaeus).  Eastern  Meadowlark. 

We  took  no  specimen  of  this  species  in  Oklahoma,  but  Meadow- 
larks observed  by  us  in  the  northeastern  corner  of  the  State  were 
certainly  of  the  present  species,  for  we  noted  their  songs  carefully  upon 
several  occasions. 

101.  Sturnella  neglecta  Audubon.  Western  Meadowlark. 

In  making  our  way  westward  across  the  State  we  listened  carefully 
to  Meadowlark  songs.  The  song  of  the  Western  species  we  heard  first 
near  Shattuck,  Ellis  County.  From  this  general  region  westward  we 
noted  the  species  commonly,  finding  it  fairly  numerous  throughout 
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the  Panhandle  plain  and  abundant  in  certain  open  valleys  in  the 
vicinity  of  Kenton,  Cimarron  County.  Large  flocks,  apparently  of 
migrating  birds,  were  observed  on  September  22,  September  29,  and 
October  1,  1932,  and  on  September  28,  1933.  Several  specimens  were 
taken. 

102.  Xanthocephalus  xanthocephalus  (Bonaparte).  Yellow-headed 
Blackbird. 

Noted  at  two  localities,  on  September  20,  1932:  a single  bird  at 
Laverne,  Harper  County;  and  a small  flock  near  Guymon,  Texas 
County. 

103.  Agelaius  phoeniceus  (Linnaeus).  Red-wing. 

Noted  here  and  there  in  all  sections  of  the  State  traversed  by  us, 
even  in  the  Panhandle  plain.  Recorded  on  only  three  dates  in  the 
vicinity  of  Kenton,  and  only  during  1932:  September  20,  a few  small 
flocks  flying  eastward  along  the  Cimarron;  October  3,  two  female 
birds  taken;  and  October  4,  a single  female  bird  seen.  The  two  female 
specimens22  taken  are  apparently  Thick-billed  Red-wings,  A.  p. 
fortis  Ridgway,  a race  said  by  Mrs.  Nice  (1931,  168)  to  be  a summer 
resident  in  the  Panhandle. 

104.  Euphagus  cyanocephalus  (Wagler).  Brewer’s  Blackbird. 

Blackbirds  of  the  genus  Euphagus  were  noted  by  us  only  in  the  Ken- 
ton region,  and  only  during  our  1933  visit.  They  were  identified  as 
the  present  species,  but  there  is  a chance  that  some  or  all  of  the  birds 
were  Rusty  Blackbirds,  Euphagus  carolinus  (Muller),  since,  accord- 
ing to  Mrs.  Nice  (1931,  170)  both  these  species  are  to  be  expected  in 
any  part  of  the  State  at  this  season  of  the  year.  A single  bird  was 
noted  September  22;  and  a flock  of  five  was  seen  along  the  Cimarron, 
northeast  of  Kenton,  on  September  28.  It  is  regrettable  that  no  speci- 
men was  taken. 

105.  Quiscalus  quiscula  aeneus  Ridgway.  Bronzed  Grackle. 

Noted  at  several  points  in  the  State,  but  not  in  the  Panhandle 
plain  section.  On  September  26,  1932,  several  small  flocks  were  seen 

^Identification  of  skin  checked  by  Mr.  Todd;  of  embalmed  specimen  by  Dr. 
Oberholser.  Measurements  of  the  latter  specimen  are:  wing,  no  mm.;  tail. 
78;  exposed  culmen,  19;  depth  of  bill,  10. 
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flying  eastward  along  the  Cimarron  River  not  far  from  Kenton.  On 
September  29  large  flocks  were  seen  at  the  A.  L.  Brookhart  ranch 
fifteen  miles  northeast  of  Kenton.  On  October  5,  1932,  a single  bird 
was  seen  near  Laverne,  Harper  County. 

106.  Molothrus  ater  (Boddaert).  Cowbird. 

Not  seen  in  the  far  western  Panhandle.  A few  flocks  were  noted  here 
and  there  in  sections  of  the  State  east  of  the  Panhandle,  and  a small 
flock  was  noted  about  some  cattle  near  Gate,  Beaver  County,  on  October 
5,  1932.  All  these  birds  presumably,  though  not  certainly,  were  of 
the  eastern  subspecies,  M.  a.  ater. 

107.  Piranga  ludoviciana  (Wilson).  Western  Tanager. 

In  view  of  the  fact  that  we  recorded  this  handsome  species  several 
times  in  the  Black  Mesa  country  it  is  indeed  astonishing  that  it  has  not 
heretofore  been  noted  in  the  State.  On  September  25,  1932,  we  saw 
several  Western  Tanagers  in  the  cottonwoods  at  the  mouth  of  the 
Tequesquite  and  along  the  Cimarron  five  miles  northeast  "Df  Kenton, 
and  took  two  males.  In  1933,  an  immature  male  was  taken  at  the 
mouth  of  the  Tequesquite  on  September  21;  several  were  seen  in  the 
cottonwoods  west  of  Kenton  along  the  New  Mexico  line  on  Sep- 
tember 22;  and  an  immature  female  was  taken  on  a mesa-top  about 
seven  miles  south  of  Kenton  on  September  25.  This  species  is  not 
listed  by  Mrs.  Nice  (1931). 

108.  Hedymeles  melanocephalus  (Swainson).  Black-headed  Gros- 
beak. 

Noted  only  in  the  far  western  Panhandle,  on  September  24,  1932, 
when  a male  specimen  was  taken  in  a clump  of  cottonwoods  along  the 
Cimarron  about  three  miles  northeast  of  Kenton.  This  specimen 
presumably  is  of  the  northern  race,  H.  m.  melanocephalus . 

109.  Guiraca  caerulea  (Linnaeus).  Blue  Grosbeak. 

Recorded  once,  along  the  New  Mexico  State  line,  west  of  Kenton, 
on  September  28,  1932,  when  an  immature  male  was  taken  from  a 
clump  of  wild  sunflowers  not  far  from  the  Carrizzoso.  Immature 
specimens  probably  are  not  subspecifically  identifiable,  but  Blue 
Grosbeaks  of  this  region  should  be  of  the  western  race,  G.  1.  interfusa 
Dwight  and  Griscom. 
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no.  Passerina  amoena  (Say).  Lazuli  Bunting. 

Noted  only  in  the  far  western  Panhandle,  once  in  1932,  when  an 
immature  male  was  taken  near  the  mouth  of  the  Tequesquite,  on  Sep- 
tember 25;  and  several  times  in  1933,  from  September  20  to  28:  Sep- 
tember 20,  an  immature  male  taken;  September  21,  an  immature  fe- 
male taken;  and  September  25,  an  adult  male  in  fall  plumage  seen, 
all  not  far  east  of  Kenton,  Cimarron  County. 

hi.  Spiza  americana  (Gmelin).  Dickcissel. 

Recorded  once,  at  Kenton,  Cimarron  County,  on  September  28, 
1933,  when  a female  bird  was  collected  along  the  Cimarron  River. 

112.  Carpodacus  mexicanus  frontalis  (Say).  Common  House  Finch. 

Noted  only  in  the  far  western  Panhandle,  where  we  saw  it  daily 
about  Kenton,  Cimarron  County,  and  where  several  specimens  were 
taken.  Practically  all  individuals  collected  by  us  were  in  the  moult. 
The  species  was  notably  less  common  in  1933  than  in  1932. 

1 13.  Spinus  pinus  (Wilson).  Pine  Siskin. 

We  saw  a Pine  Siskin  (subspecies?)  flying  about  the  cedars  on  a 
mesa-side  four  miles  east  of  Kenton,  Cimarron  County,  on  September 
28,  1933.  This  is  our  only  record. 

1 14.  Spinus  tristis  (Linnaeus).  American  Goldfinch. 

Goldfinches  of  this  species  were  identified  with  certainty  only  in 
the  far  western  Panhandle,  once  in  1932,  when  on  October  3 a speci- 
men was  taken  along  the  Tequesquite,  near  Kenton,  Cimarron  County; 
and  twice  in  1933:  on  September  22,  a flock  of  three  flying  over;  and 
on  September  27,  two  seen,  one  collected,  at  the  Willson  ranch  twelve 
miles  northeast  of  Kenton.  Unfortunately  neither  of  the  specimens 
collected  is  subspecifically  identifiable,  for  both  are  in  the  moult  and 
are  largely  in  winter  plumage. 

1 15.  Spinus  psaltria  (Say).  Arkansas  Goldfinch. 

Noted  only  in  the  far  western  Panhandle,  on  September  21  and  25, 
and  on  October  3,  in  1932;  and  on  September  23,  1933,  when  Mr. 
Tate  saw  three  in  his  yard  in  Kenton.  No  specimen  was  collected. 
The  subspecies  found  in  the  Black  Mesa  country  presumably  is 
S',  p.  psaltria. 
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116.  Oberholseria  chlorura  (Audubon).  Green-tailed  Towhee. 

Recorded  once,  a single  bird  seen  on  September  28,  1933,  in  a dense 
patch  of  Russian  thistle  along  the  Cimarron  River,  not  far  from 
Kenton.  It  is  regrettable  that  we  did  not  collect  this  specimen,  since 
the  species  apparently  has  not  yet  definitely  been  taken  in  the  State. 

1 17.  Pipilo  maculatus  arcticus  (Swainson).  Arctic  Towhee. 

Noted  only  in  the  vicinity  of  Kenton,  Cimarron  County,  where  we 
recorded  it  from  September  23  to  October  4 in  1932  and  from  September 
26  on  in  1933,  and  took  several  specimens.  These  all  are  referable, 
apparently,  to  the  same  race,  P.  m.  arcticus. 

1 18.  Pipilo  fuscus  mesoleucus  Baird.  Canyon  Towhee. 

Recorded  only  in  the  far  western  Panhandle  where  it  was  seen  daily 
in  and  about  Kenton,  Cimarron  County,  and  where  a considerable 
series  of  specimens  was  taken.  Most  of  these  are  in  the  moult.  A 
female  taken  October  4, 1932,  is  still  almost  entirely  in  juvenal  plumage. 

1 19.  Calamospiza  melanocorys  Stejneger.  Lark  Bunting. 

Recorded  on  one  occasion,  on  September  23,  1932,  when  several 
immature  birds  were  seen  in  company  with  a flock  of  Western  Vesper 
Sparrows  in  a weed-patch  along  the  New  Mexico  line  west  of  Kenton, 
Cimarron  County. 

120.  Passerculus  sandwichensis  (Gmelin).  Savannah  Sparrow. 

Identified  with  certainty  only  in  the  Kenton  region,  Cimarron 
County,  where  it  was  recorded  from  September  24  to  October  1 in 
1932,  and  on  September  22,  1933,  and  where  two  specimens  were 
taken.  One  of  these  (female,  October  1,  1932)  is  plainly  referable  to 
P.  s.  nevadensis  Grinnell;  but  the  other  (an  embalmed  specimen,  sex  ?, 
September  24,  1932)  is  not  gray  enough  for  nevadensis  and  bears 
closer  resemblance  to  P.  s.  alaudinus  Bonaparte.  We  have  not  yet 
had  opportunity  to  compare  this  bird  with  winter  specimens  of  P.  s. 
campestris  Taverner,  a subspecies  that  might  be  expected  as  a transient 
or  winter  visitant  in  the  Kenton  region. 

Sparrows  seen  here  and  there  along  the  Panhandle  plain  were 
doubtless  of  the  present  species,  but  we  had  no  opportunity  to  look  at 
them  closely  nor  to  collect  them. 
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12 1.  Ammodramus  savannarum  (Gmelin).  Grasshopper  Sparrow. 

Recorded  with  certainty  only  in  the  vicinity  of  Kenton,  Cimarron 
County,  and  only  during  1932,  when  we  collected  three  specimens, 
a female  on  September  23,  and  two  males,  on  September  24  and  28 
respectively.  Mr.  Todd,  who  has  examined  these  specimens  critically, 
has  furnished  me  with  the  following  measurements  and  comments: 
“Male,  male — wing,  63,  64;  tail,  46,  49;  female — wing,  62,  tail,  44. 
Thus  they  agree  with  bimaculatus  in  larger  size,  but  with  eastern 
australis  in  darker  shade  of  color  of  the  upper  parts.  The  throat  and 
breast  are  strongly  buffy,  the  rest  of  the  under  parts  white  in  abrupt 
contrast.  The  bills  are  darker  than  in  other  specimens  we  have.” 

122.  Passerherbulus  henslowi  (Audubon).  Henslow’s  Sparrow. 

We  shot  a Henslow’s  Sparrow  along  the  headwaters  of  the  Teques- 
quite,  not  far  east  of  Kenton,  Cimarron  County,  on  October  3,  1932, 
but  failed  to  retrieve  the  specimen.  The  subspecies  found  in  this  region 
should  be  the  western  one,  P.  h.  henslowi. 

123.  Pooecetes  gramineus  (Gmelin).  Vesper  Sparrow. 

Vesper  Sparrows  observed  by  us  in  northeastern  Oklahoma  were 
probably  of  the  eastern  race,  P.  g.  gramineus.  Specimens  collected 
in  the  vicinity  of  Kenton,  Cimarron  County,  were,  however,  of  the 
western  race,  P.  g.  confinis  Baird.  The  species  was  recorded  daily 
during  both  our  visits. 

124.  Chondestes  grammacus  (Say).  Lark  Sparrow. 

By  the  time  we  reached  Oklahoma  this  species  must  have  departed 
for  the  south,  for  we  did  not  once  record  it  in  1932,  and  we  saw  it  but 
once  in  1933 — a single  individual,  at  the  head  of  the  Tequesquite, 
east  of  Kenton,  Cimarron  County,  on  September  22.  The  subspecies 
found  in  the  Kenton  region  should  be  the  western  one,  C.  g.  strigatus 
Swainson. 

125.  Aimophila  ruficeps  eremoeca  (Brown).  Rock  Sparrow. 

Recorded  only  in  the  Black  Mesa  section  of  Cimarron  County, 
where  we  took  four  specimens  in  1932:  a male  and  female,  in  post- 
nuptial moult,  on  September  22,  a juvenal  male  on  September  24, 
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and  a juvenal  female  on  September  29;  and  where  we  saw  it  once  in 
1933 — on  September  23,  a single  bird,  in  the  midst  of  the  moult. 

These  sparrows  were  quiet  creatures  at  this  season,  and  we  located 
them  with  difficulty.  As  a rule  they  were  to  be  found  along  the  rims 
of  the  mesas,  among  big  boulders  and  at  the  bases  of  cliffs,  where  they 
ran  about  with  tails  lifted  high,  much  in  the  manner  of  Song  Sparrows. 

126.  Junco  hyemalis  (Linnaeus).  Slate-colored  Junco. 

We  did  not  see  many  Juncos.  We  probably  left  Oklahoma  before 
they  had  made  their  way  southward  thus  far.  The  present  species 
we  recorded  with  certainty  only  once,  at  Guymon,  Texas  County, 
on  October  5,  1932,  when  a male  (?)  bird,  one  of  two  gray-colored 
juncos  seen  in  weeds  strewn  along  the  highway-fence,  was  collected. 
This  specimen  perfectly  matches  winter  specimens  of  the  well-known 
eastern  bird,  J.  h.  hyemalis , though  it  was  not  so  identified  at  first. 

127.  Junco  oreganus  montanus  Ridgway.  Montana  Junco. 

A female  specimen  of  Junco  oreganus  was  collected  near  Kenton, 
Cimarron  County,  on  October  3,  1932 — the  only  junco  seen  that  day. 
Mr.  Joseph  H.  Riley,  of  the  U.  S.  National  Museum,  considers  this 
specimen  closer  to  montanus  than  to  any  other  race  of  the  species. 

128.  Junco  mearnsi  Ridgway.  Pink-sided  Junco. 

Two  female  juncos,  taken  from  a flock  of  three  seen  on  a mesa-top 
south  of  Kenton,  Cimarron  County,  on  September  29,  1933,  are  of 
this  species.  Both  are  in  fresh,  clean  plumage,  and  while  they  do  not 
exactly  match  they  are  apparently  closer  to  this  form  than  to  any 
other. 

It  is  our  belief  that  a single  junco  noted  along  the  Tequesquite  on 
September  22,  1933,  was  of  the  present  species,  but  the  bird  was  not 
collected.  Field  identification  of  most  of  the  juncos  said  to  be  found 
about  Kenton  is  practically  impossible. 

129.  Spizella  passerina  (Bechstein).  Chipping  Sparrow. 

Identified  with  certainty  only  in  the  Black  Mesa  country  of  Cimar- 
ron County,  where  we  found  it  a common  bird  during  both  1932  and 
1933  and  collected  several  specimens.  All  these  are  apparently  of  the 
western  race,  S.  p.  arizonae  Coues. 
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130.  Spizella  pallida  (Swainson).  Clay-colored  Sparrow. 

Identified  with  certainty  only  about  Kenton,  Cimarron  County, 
where  we  found  it  to  be  common  during  both  1932  and  1933,  and  where 
we  took  several  specimens,  many  of  these  in  the  postjuvenal  moult 
or  in  perfect  juvenal  plumage. 

13 1.  Spizella  breweri  Cassin.  Brewer’s  Sparrow. 

We  noted  this  species  several  times  (though  not  always  with  cer- 
tainty) in  the  vicinity  of  Kenton,  Cimarron  County,  and  took  four 
specimens  during  our  1932  visit:  two  on  September  24  and  two  on 
September  28,  from  a grassy  meadow  or  flat  between  two  mesas  just 
west  of  Kenton.  These  are  presumably  of  the  well-known  race,  S.  b. 
breweri , but  they  have  not  been  compared  with  winter  specimens  of 
the  Timberline  Sparrow,  5.  b.  taverneri  Swarth  and  Brooks. 

132.  Zonotrichia  leucophrys  (Forster).  White-crowned  Sparrow. 

White-crowned  Sparrows  observed  by  us  in  northern  Oklahoma 
on  our  return  east  in  1933  were  perhaps  of  the  well-known  eastern 
race,  Z.  1.  leucophrys.  Birds  collected  in  the  vicinity  of  Kenton, 
Cimarron  County  (two  males,  one  female),  were  all  Gambel’s  Sparrows, 
Z.  1.  gambeli  (Nuttall),  however.  We  noted  the  species  about  Kenton 
almost  daily. 

133.  Zonotrichia  albicollis  (Gmelin).  White-throated  Sparrow. 

Noted  only  in  the  vicinity  of  Laverne,  Harper  County,  where  on 
September  20,  1932,  a small  flock  was  observed  and  one  specimen 
was  collected  to  make  our  identification  certain. 

134.  Melospiza  lincolni  (Audubon).  Lincoln’s  Sparrow. 

We  took  a male  from  a small  flock  encountered  near  Laverne,  Har- 
per County,  on  September  20,  1932.  During  the  same  year  we  re- 
corded the  species  in  the  vicinity  of  Kenton,  Cimarron  County,  on 
September  30  (one  seen)  and  on  October  3 (male  collected).  In  1933 
we  noted  it  only  near  Kenton,  on  September  28,  when  two  were  secured 
from  the  many  that  we  saw  along  the  Cimarron  River.  A migrating 
flock  must  have  come  in  during  the  night.  Specimens  collected  are 
referable  to  the  eastern  race,  M.  1.  lincolni. 
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135.  Melospiza  melodia  (Wilson).  Song  Sparrow. 

We  observed  this  species  only  in  the  vicinity  of  Kenton,  Cimarron 
County,  where  it  was  decidedly  rare.  We  took  three  specimens,  a male 
on  September  23,  1932,  and  two  females  on  October  3,  1932.  All 
these  are  closer  to  M.  m.  fallax  (Baird)  than  to  any  other  form  of  the 
species.  According  to  Mrs.  Nice  (1931,  193)  the  Mountain  Song 
Sparrow  has  been  taken  in  the  State  only  once  previously,  in  Canadian 
County. 

136.  Rhynchophanes  mccowni  (Lawrence).  McCown’s  Longspur. 

Recorded  with  certainty  only  twice,  on  September  24,  1932,  when 
a flock  of  ten  was  seen  on  the  prairie  just  east  of  the  mesa-country  in 
Cimarron  County;  and  on  September  26,  1932,  when  a single  bird 
was  seen  on  the  Charles  A.  Kirtley  ranch,  about  ten  miles  southwest 
of  Kenton. 


II.  ANNELID  JAWS  FROM  THE  HAMILTON  GROUP  OF 
ONTARIO  COUNTY,  NEW  YORK 

By  E.  R.  Eller 

In  1886,  Dr.  J.  M.  Clarke  published,  in  the  Sixth  Annual  Report 
of  the  State  Geologist  of  New  York,  a short  note  on  the  annelid  jaws 
which  are  to  be  described  in  the  present  paper.  He  did  not  attempt 
specific  identification  but  assigned  them  to  several  genera.  The 
writer  is  indebted  to  Dr.  Rudolf  Ruedemann,  of  the  New  York  State 
Museum,  for  the  opportunity  of  more  fully  describing  these  poly- 
chaeta  annelid  jaws,  distinguished  among  other  characters  by  their 
large  size.  These  jaws  came  from  near  Canandaigua,  New  York. 

DESCRIPTION  OF  SPECIES 
Genus  Eunicites,  Ehlers,  1868 

Jaws  of  the  genus  Eunicites  referred  to  maxilla  II  are  comparatively 
elongate,  rudely  triangular  with  or  without  a shank  extending  from  the 
anterior  margin  and  the  free  edge  bearing  blunt  or  pointed  denticles. 
Jaws  of  maxillae  III  and  IV  are  smaller,  crudely  square  or  oblong, 
with  a series  of  blunt  or  pointed  denticles. 

Eunicites  acuminatus  sp.  n. 

Maxilla  II  (Plate  I,  fig.  5) 

1886.  Eunicites  sp.  ? Clarke,  J.  M.,  Sixth  Annual  Report  of  the  State  Geologist 
of  New  York,  p.  30,  pi.  IA,  fig.  28. 

Jaw  long  and  triangular,  tapering  to  a point;  anterior  end  obliquely 
truncate  and  slightly  incurved;  inner  margin  provided  with  a series 
of  conical  pointed  denticles  which  curve  backwards  and  decrease  in 
size  toward  the  posterior  end. 

Eunicites  acuminatus  m.  is  similar  to  Eunicites  serrula  Hinde1 
except  that  the  posterior  end  of  Hinde’s  species  is  blunt  or  slightly 
truncate.  The  described  specimen  belongs  to  the  New  York  State 
Museum  (^p). 

^ihang  till  k.  Svensk.  Akad.  Handl.,  Vol.  7,  N:  05.  p.  11,  pi.  I,  figs.  11,  12, 
1882. 
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Genus  Arabellites,  Hinde,  1879 

The  genus  was  described  by  Hinde  as  follows: 

“I  propose  to  include  in  this  genus  jaws  of  widely  different  form, 
which  have  a general  resemblance  to  those  of  the  existing  genus 
Arabella , Grube. 

1.  Jaws  with  an  extremely  prominent  anterior  hook,  and  a row  of 
smaller  teeth  on  a wide  base; 

2.  Sickle-shaped  jaws  and  allied  forms; 

3.  Jaws  subquadrate  in  form,  with  a straight  upper  edge  of  small 
teeth.  Those  of  the  first  division  appear  to  correspond  with  the  first 
pair,  the  second  resemble  the  second  pair,  as  figured  in  Cuvier’s 
“ Regne  Animal of  Arabella  ( Oenone ) maculata,  Edwards;  whilst 
the  square-shaped  jaws  I regard  as  belonging  to  the  lower  jaw  of 
Annelids  of  this  genus.  Examples  of  these  different  forms  are  very 
abundant,  not  only  in  the  Cambro-Silurian,  but  in  all  the  other  forma- 
tions where  the  Annelid  remains  appear.” 


Arabellites  longiformis  sp.  n. 

Maxilla  I.  (Plate  I,  fig.  6) 


1886.  Oenonites  sp.,  Clarke,  J.  M.,  Sixth  Annual  Report  of  the  State  Geologist  of 
New  York,  p.  30,  pi.  IA,  fig.  29. 


Jaw  narrow,  elongate,  and  the  outer  and  inner  lateral  margins 
nearly  parallel.  Posterior  end  missing.  Seven  acute  and  slightly 
flattened  denticles  are  widely  spaced  on  the  inner  lateral  margin. 
Anterior  end  terminates  with  a stout  hook  curved  nearly  at  a right 
angle. 

This  form  was  brought  under  the  genus  Oenonites  Hinde  by  Dr. 
Clarke.  It  has,  however,  the  prominent  anterior  hook  and  a row  of 
small  denticles  on  a wide  base,  which  is  more  characteristic  for  the 


genus  Arabellites  Hinde.  The  specimen  is  an  extremely  large  one. 
The  remaining  part  alone  measured  8 mm.  and  if  the  jaw  were  com- 
plete, it  would  probably  be  at  least  14  mm.  in  length.  The  figure  in 
the  present  paper  differs  somewhat  from  Clarke’s  figure  in  outline 
and  number  of  denticles,  because  some  of  the  matrix  was  cleaned  away 
by  the  writer. 

The  described  specimen  belongs  to  the  New  York  State  Museum 
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Arabellites  clarkei  sp.  n. 

Maxillae  I,  II,  III,  and  IV  (?).  (Plate  I,  fig.  2) 

1886.  Arabellites  sp.,  Clarke,  J.  M.,  Sixth  Annual  Report  of  the  State  Geologist 

of  New  York,  p.  30,  pi.  IA,  fig.  28. 

It  is  difficult  to  give  a true  idea  about  the  character  of  this 
articulated  specimen  because  the  jaw  parts  are  incomplete,  badly 
crushed,  and  distorted.  However,  the  specimen  is  worth  particular 
attention  since  it  was  the  first  one  found  in  which  the  maxillae  were 
in  their  natural  position  and  thus  has  proved  the  correctness  of  the 
classification  of  these  Paleozoic  jaws  as  belonging  to  the  Polychaeta. 

The  carriers  and  about  half  of  the  first  paired  maxillae  are  discern- 
ible at  the  posterior  end.  The  carriers  are  narrow,  angular,  and  show 
distinct  ridges  and  furrows  parallel  to  the  lateral  margin.  The 
maxillae  extend  from  the  carrier  with  narrow  arms  at  an  angle  of  about 
450,  then  widen  out  and  run  parallel  to  each  other.  Such  a structure 
has  not  been  observed  before,  either  on  recent  or  fossil  forms.  The 
inner  margins  of  the  maxillae  have  rows  of  blunt  denticles,  the  pos- 
terior being  smaller  than  the  anterior  ones.  The  anterior  portions  of 
maxillae  I are  missing,  or  are  so  crushed  by  parts  of  following  maxillae, 
that  their  true  shape  is  uncertain.  It  is  probable  that  they  terminated 
in  a hook  which  is  characteristic  for  this  genus. 

A portion  of  the  second  paired  maxillae  bearing  denticles  extends 
from  under  the  inner  margins  of  the  first  paired  maxillae.  The 
denticles  of  the  second  maxillae  are  similar  but  smaller  than  those  of 
the  first  maxillae.  Between  the  paired  jaws  are  observed  some  frag- 
ments of  chitinous-like  material  which  may  be  parts  of  the  third  or 
fourth  maxillae,  or  fragments  of  the  mandibles. 

In  front  of  the  first  paired  maxillae  present  are  fragments  of  plates 
and  denticles.  Dr.  J.  M.  Clarke  suggested  apparently  that  these 
may  be  parts  of  the  first  maxillae.  This  seems  to  be  true  from  ex- 
amination of  the  specimen,  but  morphologically  it  gives  the  jaws  an 
aberrant  form.  Quite  possibly  these  are  third  or  fourth  maxillae, 
which  have  been  crushed  on  the  first  maxillae. 

In  front  of,  and  slightly  to  the  left  and  right  of  the  first  paired 
maxillae,  are  two  maxillae  that  I consider  the  third  ones.  They  are 
badly  broken  but  from  the  impressions  and  fragments  it  may  be 
observed  that  they  are  oblong,  square,  and  slightly  rounded.  Their 
denticles  are  small,  compact,  and  without  space  between  them. 
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The  described  specimen  belongs  to  the  New  York  State  Museum 

(5000) 


Arabellites  marcellusensis  sp.  n. 

Maxilla  I (Plate  I,  fig.  i) 


1886.  Arabellites  sp.,  Clarke,  J.  M.,  Sixth  Annual  Report  of  the  State  Geologist  of 
New  York,  p.  30,  pi.  IA,  fig.  24. 


Jaw  broad,  the  outer  margin  nearly  straight  and  ending  in  a strongly 
curved  hook,  the  end  of  which  does  not  extend  beyond  the  opposite 
inner  lateral  margin;  denticles  blunt,  eight  in  number.  The  first 
three  extend  straight  out  from  the  jaw,  the  remaining  five  curve  back- 
wards; posterior  end  broad  with  a sickle-shaped  margin. 

Arabellites  marcellusensis  m.  is  comparable  in  general  to  the  Che- 
mung Arabellites  bipennis  Eller.2  The  hook  of  Arabellites  bipennis 
Eller,  however,  extends  far  beyond  the  inner  margin,  while  in  the  jaw 
under  consideration,  the  end  of  the  hook  does  not  extend  to  the  mar- 


gin. Arabellites  marcellusensis  m.  is  larger  and  broader  than  Ara- 
bellites bipennis  Eller  and  the  denticles  of  the  former  are  along  the 
full  length  of  the  margin  and  are  not  so  conical  and  pointed,  as  in  the 
latter.  The  described  specimen  belongs  to  the  New  York  State  Mu- 


/5000\ 
seum  (— j- ). 


Arabellites  (?)  robustus  sp.  n. 

Maxilla  I (Plate  I,  fig.  4) 

1886.  Arabellites  sp.,  Clarke,  J.  M.,  Sixth  Annual  Report  of  the  State  Geologist  of 
New  York,  p.  30,  pi.  IA,  fig.  27. 

Jaw  thick,  massive,  and  with  the  width  more  than  one-half  the 
length.  Seven  blunt,  flat,  denticles  are  arranged  along  the  inner  mar- 
gin; the  first  three  of  these  are  very  large.  Posterior  margin  obliquely 
truncate  and  notched  slightly  by  two  crescent  shaped  indentations. 
Posterior  to  the  inner  indentation,  possibly  not  in  its  original  position, 
is  a spatula-shaped  body,  presumably  a carrier. 

This  robust  form  is  3.5  mm.  wide  and  6 mm.  long.  It  is  interesting 
to  speculate  on  the  comparative  size  of  an  annelid  that  had  such  a 
large  jaw.  The  specimen  is  different  from  any  that  I have  seen  and 
it  is  with  some  doubt  that  I place  it  in  the  Genus  Arabellites  Hinde. 
The  described  specimen  belongs  to  the  New  York  State  Museum 

(5000) 

2Annals  Carnegie  Museum,  Vol.  XXII,  p.  31 1,  PI.  XXIII,  figs.  8-10,  1934. 
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Genus  Nereidavus,  Grinnell,  1877 

Jaws  elongate  with  blunt  denticles,  a distinct  hook,  and  a truncated 
posterior  end. 


Nereidavus  canandiaguaensis  sp.  n. 

Maxilla  I (Plate  I,  fig.  3) 

1886.  Arabellites  sp.,  Clarke,  J.  M.,  Sixth  Annual  Report  of  the  State  Geologist 
of  New  York,  p.  30,  pi.  IA,  fig.  25. 

Jaw  broad  with  a prominent  terminal  hook,  posterior  end  obliquely 
truncate  with  a short  rounded  shank;  inner  margin  bears  a series  of 
blunt  denticles  irregular  in  size  and  shape. 

To  some  extent  this  jaw  resembles  that  of  the  recent  genus  Nereis 
Linn,  except  that  it  is  wider,  more  truncate  at  the  posterior  end,  and 
has  the  additional  shank. 

The  described  specimen  belongs  to  the  New  York  State  Museum 

/5000\ 
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EXPLANATION  OF  PLATE  I 

Fig.  i.  Arabellites  marcellusensis  sp.  n.  x io,  Marcellus  Shales;  Flint  Creek, 
Ontario  County,  New  York. 

Fig.  2.  Arabellites  clarkei  sp.  n.  x 6,  Hamilton  Group;  Canandaigua,  New  York. 

Fig.  3.  Nereidavus  canandaiguaensis  sp.  n.  x 10,  Hamilton  Group;  Canandaigua, 
New  York. 

Fig.  4.  Arabellites  ? robustus  sp.  n.  x 8,  Hamilton  Group;  Canandaigua,  New  York. 

Fig.  5.  Eunicites  acuminatus  sp.  n.  x 8,  Hamilton  Group;  Canandaigua,  New 
York. 

Fig.  6.  Arabellites  longiformis  sp.  n.  x 8,  Hamilton  Group;  Canandaigua,  New 
York. 
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Annelid  Jaws  from  the  Hamilton  of  New  York. 


ART.  III.  MALLOPHAGA  CARRIED  BY  HIPPOBOSCIDS. 

Harold  S.  Peters.1 

Washington,  D.  C. 

A specimen  of  a bird  fly  (Diptera:  Hippoboscidae)  was  received 
recently  from  Dr.  Hugo  Kahl  of  the  Carnegie  Museum  which  had  been 
collected  from  an  American  Egret,  Casmerodius  albus  egretta  (Gmelin), 
shot  at  Hartstown,  Pennsylvania,  by  W.  E.  Clyde  Todd  on  August  5, 
1933.  In  the  same  vial  there  were  31  specimens  of  a biting  louse 
(Mallophaga:  Philopteridae)  which  Dr.  Kahl  reported  to  have  all  been 
attached  by  their  mandibles  to  the  thorax  and  abdomen  of  the  fly 
when  it  was  collected  from  the  egret.  Unfortunately  all  of  the  Mal- 
lophaga were  detached  from  the  fly  when  the  specimens  reached  me. 
Mr.  Todd  collected  the  fly  from  the  egret  and  remarked  to  Dr.  Kahl 
that  it  appeared  to  be  covered  with  a white  powder  as  if  it  had  been 
placed  in  a medicine  bottle.  On  examination  Dr.  Kahl  found  a large 
number  of  immature  Mallophaga  (white  in  color)  attached  to  the 
thorax  and  around  the  junction  of  the  thorax  and  abdomen  of  the  fly, 
causing  the  peculiar  resemblance  to  a covering  of  white  powder  on  the 
fly.  No  other  hippoboscids  were  found  on  the  egret  but  a few  other 
Mallophaga  were  picked  from  the  body  of  the  bird  after  it  was  received 
at  the  Carnegie  Museum. 

The  hippoboscid  was  determined  as  Lynchia  americana  Leach  by 
Dr.  J.  Bequaert  of  Harvard  University  Medical  School.  This  is  a very 
unusual  host  for  this  species  of  fly,  as  it  is  generally  found  on  hawks 
and  owls.  The  Mallophaga  were  determined  by  myself  as  Esthiop- 
terum  botauri  (Osborn)  and  were  all  immature  but  almost  full  grown. 
It  is  interesting  to  note  that  none  of  the  lice  on  the  fly  or  picked  from 
the  bird  was  adult.  The  specimens  have  been  given  Bishopp  No. 
22540  and  also  bear  Carnegie  Museum  numbers  9778  and  9796.  The 
hippoboscid  and  some  of  the  Mallophaga  are  deposited  in  the  Carnegie 
Museum  and  the  remaining  Mallophaga  are  in  the  collection  of  the 
Bureau  of  Entomology  and  Plant  Quarantine. 

Contribution  from  the  Division  of  Insects  Affecting  Man  and  Animals, 
Bureau  of  Entomology  and  Plant  Quarantine,  U.  S.  Dept,  of  Agriculture. 
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This  is  a very  interesting  record  for  several  reasons.  It  is  the  first 
time  any  flies  in  the  genus  Lynchia  have  been  recorded  as  transporting 
lice  and  the  first  time  any  lice  in  the  genus  Esthiopterum  have  been 
recorded  as  being  carried  by  hippoboscids  (although  Columbicola 
columbae  has  been  reported  attached  to  P seudolynchia  maura  by 
Martin,  1934).  This  is  the  largest  number  of  lice  that  have  ever  been 
recorded  on  a single  fly,  the  largest  number  previously  reported  being 
eleven  (Thompson,  1933).  The  unusual  host  record  for  L.  americana 
has  been  mentioned  above. 

There  are  now  recorded  twenty-one  cases  of  Mallophaga  being 
transported  by  hippoboscids.  McAtee,  Ewing,  and  Thompson  have 
listed  and  summarized  the  previous  records  and  have  called  attention 
to  the  peculiar  fact  that  in  nearly  all  cases  the  lice  were  carried  by  the 
hippoboscid,  Ornithomyia  avicularia  Linnaeus,  and  most  of  the  lice 
have  been  in  the  genus  Degeeriella. 

McAtee,  W.  L. 

1922.  Bird  Lice  (Mallophaga)  Attaching  Themselves  to  Bird 
Flies  (Dip.,  Hippoboscidae). — Entomological  News,  XXXIII, 
1922,  90. 

Ewing,  H.  E. 

1927.  The  Hippoboscid  Fly,  Ornithomyia  avicularia  Linnaeus,  as 
a Carrier  of  Mallophaga. — Annals  Entomological  Society  of 
America , XX,  1927,  245-250. 

Thompson,  G.  B. 

1933.  Association  of  Hippoboscids  with  Lice. — Nature,  CXXXII, 
1933.  605-606. 

Thompson,  G.  B. 

1934.  The  Parasites  of  British  Birds  and  Mammals,  I.  Notes  and 
Records. — Entomologist' s Monthly  Magazine,  LXX,  1934, 
133-136. 

Martin,  Margaret. 

1934.  Life  History  and  Habits  of  the  Pigeon  Louse  ( Columbicola 
columbae  Linnaeus). — Canadian  Entomologist,  LXVI,  1934, 
6-16. 


ART.  IV.  MOLLUSCS  FROM  THE  HARMONSBURG 
(Pa.)  MARL. 

Stanley  T.  Brooks. 


This  past  summer  Mr.  William  Millward,  teacher  of  science  at 
the  Fifth  Avenue  High  School  of  Pittsburgh,  very  kindly  made  a col- 
lection of  marl  from  the  exposed  beds  at  Harmonsburg,  Summit 
Township,  Crawford  County,  Pennsylvania.  This  locality  is  one  and 
one-half  miles  northwest  of  the  northern  end  of  Conneaut  Lake,  alti- 
tude iiio  feet,  in  the  Allegheny  River  Drainage.  By  referring  to  the 
maps  of  that  region  (Linesville  Quadrangle,  U.  S.  Geol.  Surv.)  it  is 
obvious  that  this  area  constituted  a northern  extension  of  the  Old 
Lake  Conneaut,  probably  the  post-Pleistocene  lake  from  which  the 
new  southern  (Allegheny-French  Creek)  drainage  began. 

We  hope  that  with  this  small  collection  as  a beginning  we  may 
complete  a survey  of  all  deposits  of  such  nature  within  the  state. 
In  that  this  series  has,  according  to  Dr.  F.  C.  Baker,  pushed  the 
records  of  the  Pleistocene  fauna  of  the  central  area  farther  east  I 
feel  that  this  list  is  of  sufficient  value  to  bring  it  to  the  attention  of 
other  Conchologists.  I wish,  therefore,  to  acknowledge  Dr.  F.  C. 
Baker’s  study  of  this  collection  for  without  his  prodigious  authority 
the  following  list  would  have  had  a different  connotation. 

Family  AMNICOLIDAL 


Amnicola  walker i Pilsbry sparse 

Amnicola  gelida  Baker,  F.  C common 

Amnicola  leightoni  Baker,  F.  C common 

Family  VALVATIDAL 

Valvata  sincera  danielsi  B.  Walker common 

V alvata  tricarinata  perconfusa  B.  Walker common 

Family  PLANORBIDT). 

Gyraulus  dejlectus  (Say) fairly  common 

Gyraulus  deflectus  obliquus  (DeKay) fairly  common 

Gyraulus  altissimus  (Baker,  F.  C.) common 

Helisoma  anceps  striatum  (Baker,  F.  C.) common 

Helisoma  campanulatum  (Say) sparse 
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Family  PHYSIDAA 

Physa  sayii  Tappan  (form  of) common 

Family  LYMN/EIUAF 

Lymnaea  stagnalis  jugularis  Say fragment  only 

Fossaria  obrussa  decampi  (Streng) common 


ART.  V.  THE  SHELLED  MOLLUSCS  OF  WEST 
VIRGINIA  IN  THE  COLLECTIONS  OF  THE 
CARNEGIE  MUSEUM 

No.  i. 

Stanley  T.  Brooks 

In  publishing  this  preliminary  list  of  the  Molluscs  of  West  Virginia 
No.  i,  The  Land  Snails,  the  author  is  asking  for  the  co-operation  of  the 
students  of  West  Virginia  in  compiling  a "complete”  illustrated  manual 
or  catalogue  of  the  molluscs  of  their  state. 

Any  study  of  the  distribution  of  the  land  snails  of  northeastern 
America  makes  a knowledge  of  the  West  Virginian  fauna  necessary 
in  view  of  the  fact  that  within  the  confines  of  that  state  lie  the  bounda- 
ries between  the  southern  and  northern  faunal  groups.  This  is  indi- 
cated to  some  degree  in  the  following  incomplete  list,  although  a 
conclusive  critical  analysis  would  require  larger  and  more  systematic 
collections*  from  over  the  entire  state. 

The  collections  of  land  snails  from  West  Virginia  preserved  in  the 
Carnegie  Museum  were  assembled  during  a period  from  1892  until 
the  present  time.  Some  specimens  from  the  Dr.  Victor  Sterki  collec- 
tion collected  by  the  "Schoff  Boys”  in  1892  constitute  the  greater 
portion  of  the  material  from  Randolph  County.  In  1897  H.  H. 
Smith,  then  on  the  staff  of  this  museum,  collected  at  various  localities. 
Following  him  Dr.  A.  E.  Ortmann  and  Dr.  George  H.  Clapp  gathered 
together  extensive  additional  material.  The  greater  numbers  have, 
however,  been  collected  in  recent  years  by  Mr.  M.  Graham  Netting, 
Curator  of  Herpetology,  and  by  other  members  of  the  staff  of  this 
museum  as  well  as  by  several  interested  students  in  West  Virginia. 

Since  it  will  be  impossible  for  the  author  or  our  staff  members  to 
completely  survey  the  state  I am  asking  the  co-operation  of  the  students 
of  West  Virginia  to  aid  us  in  our  task.  The  following  list  is  only  a 
guide  for  future  collecting.  It  is  hoped  that  it  will  serve  as  an  impetus 
for  the  filling  of  the  many  gaps  that  now  exist  in  our  knowledge.  When 

*Any  details  of  collecting  methods  may  be  obtained  by  writing  the  author. 
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completed,  the  proposed  work  will  constitute  a fully  illustrated  cata- 
logue of  the  molluscs  of  West  Virginia  and  will  be  of  inestimable  value 
to  future  workers  in  this  field. 


helicinidt: 

Hendersonia  occulta  (Say)  form  rubella  (Green) 
Ohio  County,  Wheeling. 


HELICID^E 


Polygyra  tridentata  (Say) 

Cabell  County,  Milton. 

Mercer  County,  Bluefield  reservoir. 

Monongalia  County,  “Cheat  Mountain”;  Cooper  Rock;  Morgan- 
town. 

Nicholas  County,  Powell  Mountain. 

Ohio  County,  Wheeling. 

Pocahontas  County,  Traveler’s  Repose. 

Preston  County,  Terra  Alta;  Cranesville  Swamp. 

Randolph  County,  Helvetia. 

Tucker  County,  Canaan  Valley. 

Polygyra  tridentata  juxtidens  Pilsbry 

Pendleton  County,  Smoke  Hole  near  Upper  Tract. 

Pocahontas  County,  Traveler’s  Repose. 

Polygyra  fraudulenta  Pilsbry 

Greenbrier  County,  “the  glades  beyond  Droop  Mountain.” 

Logan  County,  Slagle. 

Mineral  County,  Ridgeley  in  woods  along  north  branch  of  the 
Potomac  River. 

Ohio  County,  Oglebay  Park. 

Pendleton  County,  Smoke  Hole  near  Upper  Tract. 

Pocahontas  County,  Minnehaha  Springs;  Marlinton. 

Randolph  County,  “Cheat  Mountains.” 

Tucker  County,  Canaan  Valley. 
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Polygym  platysayoides  Brooks 

Dr.  H.  A.  Pilsbry  has  cast  a shadow  of  doubt  upon  this  species 
(Nautilus,  Vol.  46,  p.  103).  Upon  reading  his  note  I sent  the  type  to 
him  for  his  study.  I shall  quote  from  his  letter  of  February  21,  1933. 
“It  appears  that  we  are  both  right  about  it.  It  is  as  I thought  most 
nearly  related  to  Polygyra  tridentata  complanata,  but  it  is  certainly  a 
distinct  species,  differing  from  complanata  by  the  flatter  spire,  of  fewer 
whorls — only  five,  while  complanata  has  six,  which  are,  therefore, 
more  closely  coiled.  I believe,  therefore,  that  your  species  is  a real 
addition  to  the  list  and  a very  interesting  one.”  I admit  that  the 
mistake  is  one  of  misnaming.  This  species  was  collected  by  M. 
Graham  Netting  at  Cooper  Rock,  Monongalia  County,  and  I am 
anxious  to  obtain  more  specimens  and  records. 

Polygyra  profunda  (Say) 

Logan  County,  Slagle. 

Monongalia  County,  “Cheat  Mountain.” 

Ohio  County,  Oglebay  Park. 

Polygyra  sayana  Pilsbry 
Logan  County,  Slagle. 

Mercer  County,  Brush  Creek  near  Athens. 

Monongalia  County,  “Cheat  Mountain.” 

Pendleton  County,  Smoke  Hole  near  Upper  Tract. 

Pocahontas  County,  Minnehaha  Springs;  Traveler’s  Repose; 
Marlinton. 

Preston  County,  Cranesville  Swamp. 

Randolph  County,  Helvetia. 

Polygyra  albolabris  (Say) 

Cabell  County,  Ona. 

Greenbrier  County,  Bear  Den  on  Droop  Mountain. 

“Jefferson  County.” 

Logan  County,  Slagle. 

Mercer  County,  Brush  Creek  near  Athens. 

Monongalia  County,  “Cheat  Mountain,”  Beaver  Hole  (?). 

Ohio  County,  Oglebay  Park. 

Pendleton  County,  Smoke  Hole  near  Upper  Tract;  Franklin. 
Pocahontas  County,  Cranberry  Mountain;  Marlinton. 

Preston  County,  Corinth;  Terra  Alta;  near  Lake  Terra  Alta. 
Randolph  County,  Helvetia. 
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Polygyra  zaleta  (Binney) 

Monongalia  County,  “Cheat  Mountain,”  Beaver  Hole  (?). 

Ohio  County,  Oglebay  Park. 

Pendleton  County,  Smoke  Hole  near  Upper  Tract. 

Pocahontas  County,  Cranberry  Mountain. 

Randolph  County,  Helvetia. 

Polygyra  dentifera  (Binney) 

Greenbrier  County,  Bear  Den  on  Droop  Mountain. 

Monongalia  County,  “Cheat  Mountain.” 

Pocahontas  County,  Cranberry  Glades;  trail  up  Cranberry 
Mountain. 

Preston  County,  Cranesville  Swamp;  Terra  Alta. 

Randolph  County,  Helvetia. 

Polygyra  denotata  (Ferrusac) 

Monongalia  County,  “Cheat  Mountain.” 

Ohio  County,  Oglebay  Park. 

Pocahontas  County,  Traveler’s  Repose. 

Randolph  County,  Helvetia. 

Polygyra  appressa  (Say) 

Mercer  County,  Brush  Creek  near  Athens. 

Another  set  from  Slagle,  Logan  County,  agrees  in  every  particular 
with  P.  appressa  perigrapta  Pilsbry,  however  I am  doubtful 
of  the  authenticity  of  this  locality. 

Polygyra  pennsylvanica  (Green) 

Monongalia  County,  Morgantown. 

Ohio  County,  Oglebay  Park. 

Polygyra  thyroides  (Say) 

Cabell  County,  Milton. 

Mineral  County,  north  branch  of  the  Potomac  River  near  Ridgeley. 
Monongalia  County,  Morgantown;  Mont  Chateau. 

Ohio  County,  Oglebay  Park. 

Pendleton  County,  Smoke  Hole  near  Upper  Tract. 

Randolph  County,  Elkins. 

Wayne  County,  Falls  of  the  Big  Sandy  River. 

“West  Virginia” — Hartmann  Collection,  is  the  form  Polygyra 
thyroides  bucculenta  (Gould). 

“West  Virginia” — Henry  Prime  Collection,  is  the  same. 
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Polygyra  clausa  (Say) 

Berkeley  County,  Martinsburg. 

Polygyra  mitchelliana  (Lea) 

Ohio  County,  Oglebay  Park. 

Polygyra  stenotrema  (Ferrusac) 

Cabell  County,  Milton. 

Nicholas  County,  Powell  Mountain.  This  specimen  from  the  Mrs. 
George  Andrews  Collection  has  an  enormously  enlarged 
parietal  tooth;  2.5  mm.  in  height  at  its  extreme  and  5.4  mm.  in 
length. 

Polygyra  hirsuta  (Say) 

Mineral  County,  Ridgeley. 

Randolph  County,  Helvetia  (dwarf  form). 

Wetzel  County,  Proctor. 

Polygyra  fraterna  (Say) 

Monongalia  County,  Morgantown. 

“Pocahontas  County.” 

Randolph  County,  Helvetia  (one  lot  close  to  Polygyra  fraterna 
aliciae  Pilsbry. 

HAPLOTREMATIDZE 

Haplotrema  concava  (Say) 

Greenbrier  County,  Bear  Den  on  Droop  Mountain. 

Logan  County,  Slagle. 

Ohio  County,  Oglebay  Park. 

Pendleton  County,  Smoke  Hole  near  Upper  Tract. 

Pocahontas  County,  Marlinton. 

Preston  County,  Manheim;  Terra  Alta;  Lake  Terra  Alta;  Cranes- 
ville  Swamp. 


ZONITIDZE 

Mesomphix  inornata  (Say) 

Cabell  County,  Milton. 

Greenbrier  County,  “glades  beyond  Droop  Mountain.” 
Logan  County,  Slagle. 

Mercer  County,  Bluefield  Reservoir. 
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Monongalia  County,  “Cheat  Mountain”  and  Cooper  Rock. 
Ohio  County,  Oglebay  Park. 

Pocahontas  County,  Cranberry  Mountain  trail. 

Preston  County,  Terra  Alta  and  Manheim. 

Randolph  County,  Helvetia. 

Tucker  County,  Canaan  Valley. 

Mesomphix  perlaevis  vulgatus  H.  B.  Baker  ( = laevigata) 

Monongalia  County,  “Cheat  Mountain.” 

Ohio  County,  Oglebay  Park. 

Omphalina  cuprea  Rafinesque 
Logan  County,  Slagle. 

Mercer  County,  Brush  Creek,  near  Athens. 

Ohio  County,  Oglebay  Park. 

Pendleton  County,  Smoke  Hole  near  Upper  Tract. 

Preston  County,  Terra  Alta  and  Manheim. 

Randolph  County,  Helvetia. 

Retinella  electrina  (Gould) 

Monongalia  County,  Morgantown. 

Retinella  indentata  (Say) 

Marshall  County,  Moundsville. 

Monongalia  County,  Morgantown. 

Wetzel  County,  Proctor. 

Paravitrea  multidentata  (Binney) 

Monongalia  County,  Morgantown. 

Randolph  County,  Helvetia. 

Striatura  ferrea  (Morse) 

Randolph  County,  Helvetia. 

Striatura  milium  (Morse) 

Randolph  County,  Helvetia. 

Hawaii  minuscula  (Binney) 

Marshall  County,  Moundsville. 

Wetzel  County,  Proctor. 

Zonitoides  arboreus  (Say) 

Marshall  County,  Moundsville. 

Monongalia  County,  “Cheat  Mountain”  and  Morgantown. 
Wetzel  County,  Proctor. 
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Euconulus  chersinus  polygyratus  (Pilsbry) 

Monongalia  County,  Morgantown. 

Ventridens  intertextus  (Binney) 

Monongalia  County,  “Cheat  Mountain.” 

Ohio  County,  Oglebay  Park. 

Preston  County,  Manheim. 

Ventridens  ligerus  (Say) 

Mineral  County,  Ridgeley. 

Monongalia  County,  Morgantown. 

Ohio  County,  Oglebay  Park;  and  Avalon  Lake  near  Clinton. 
Pendleton  County,  Smoke  Hole  near  Upper  Tract. 
Pocahontas  County,  “Cranberry  Glades”  and  Marlinton. 
Preston  County,  Manheirm 
Randolph  County,  Helvetia. 

Wayne  County,  Falls  of  the  Big  Sandy. 

Ventridens  demissus  (Binney) 

Logan  County,  Slagle. 

ENDODONTID^E 

Anguispira  alternata  (Say) 

“Jefferson  County.” 

Logan  County,  Slagle. 

Mercer  County,  Bluefield  Reservoir. 

Mineral  County,  Ridgeley. 

Monongalia  County,  “Cheat  Mountain”  and  Morgantown. 
Ohio  County,  Oglebay  Park. 

Pendleton  County,  Smoke  Hole  near  Upper  Tract. 
Pocahontas  County,  Traveler’s  Repose. 

Preston  County,  Cranesville  Swamp. 

Randolph  County,  Helvetia. 

Anguispira  kochi  (Pfeiffer) 

Ohio  County,  Oglebay  Park. 

Gonyodiscus  patula  (Deshayes) 

Monongalia  County,  “Cheat  Mountain.” 

Ohio  County,  Oglebay  Park. 
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Gonyodiscus  cronkhitei  anthonyi  Pilsbry 
Monongalia  County,  Morgantown. 

Punctum  pygmaeum  (Draparnaud) 
Randolph  County,  Helvetia. 

SUCCINEID.dE 

Succinea  avara  Say 

Monongalia  County,  Morgantown. 
Preston  County,  Cranesville  Swamp. 

PUPILLID.dE 

Gastrocopta  pentodon  (Say) 

Marshall  County,  Moundsville. 
Monongalia  County,  Morgantown. 
Randolph  County,  Helvetia. 

Wetzel  County,  Proctor. 

Gastrocopta  contracta  (Say) 

Monongalia  County,  Morgantown. 

Vertigo  gouldii  (Binney) 

Randolph  County,  Helvetia. 


VALLONIID.E 

Vallonia  pulchella  (Muller) 

Monongalia  County,  Morgantown. 

Vallonia  excentrica  Sterki 

Marshall  County,  Moundsville. 


ART.  VI.  A REVIEW  OF  THE  EURYPTERID  RAMI  OF  THE 
GENUS  PTERYGOTUS  WITH  THE  DESCRIPTIONS 
OF  TWO  NEW  DEVONIAN  SPECIES. 

By  Rudolf  Ruedemann 
New  York  State  Museum,  Albany,  New  York. 

Mr.  E.  R.  Eller,  of  the  Carnegie  Museum,  Pittsburgh,  Pennsylvania, 
has  sent  me  two  very  small  rami  of  the  chelicerae  of  species  of  Pterygo- 
tus which  were  collected  from  Devonian  rocks.  One  was  obtained  by 
Mr.  Eller  in  the  “Chemung”  at  Alfred  Station,  New  York,  and  the 
other,  collected  many  years  ago  by  Dr.  P.  E.  Raymond  and  Mr.  Earl 
Douglass,  from  the  green  shale  of  the  Three  Forks  shale,  at  Three 
Forks,  Montana. 

Both  specimens  are  the  free  rami  of  the  chelicerae  and  are  of  in- 
terest as  representing  a type  of  ramus  that  is  different  from  the  usual 
form  with  acutely  pointed  anterior  angle  as  seen  typically  in  Pterygo- 
tus macro phthalmus  and  P.  buff aloensis  from  the  New  York  Silurian. 
In  the  forms  before  us  the  anterior  extremity  of  the  ramus  is  well- 
rounded  and  terminating  in  a long,  equally  rounded  tooth.  This  type 
of  ramus  was  known  to  Clarke  and  Ruedemann*  from  P.  cobbi;  (op. 
cit.  p.  371)  represented  by  a single  specimen  from  the  Silurian  Bertie 
waterlime  of  New  York,  and  two  possibly  young  fairly  perfect  speci- 
mens of  the  same  species  (P.  cobbi  var.  juvenis , see  ibid.  p.  430)  and  a 
chelicera  (ibid.  p.  429)  comparable  in  dimensons  to  the  material  be- 
fore us.  In  Europe  the  second  group  is  represented  by  a chelicera  of 
P.  barrandei  Semper.  Besides  these  we  have  described  in  Mem.  14 
similar  detached  rami  of  P.  monroensis  Sarle  (see  ibid.  p.  380)  from  the 
Pittsford  shale  and  of  P.  atlanticus  (ibid.  p.  356)  from  the  Devonian 
Dalhousie  beds  of  New  Brunswick. 

As  the  species  of  Pterygotus  are  clearly  divided  into  two  groups  by 
this  striking  difference  in  the  form  of  the  chelicerae  it  seems  desirable 
to  distinguish  the  groups  as  subgenera,  viz: 


*Clarke,  J.  M.  and  Ruedemann,  R.  Eurypterida  of  New  York,  N.  Y.  S.  Mus. 
Mem.  14,  1912. 
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a.  Pterygotus,  subgenus  Acutiramus  nov. 

Rami  of  chelicerae  with  subrectangular,  acutely  pointed  extremities 
and  vertically  placed  terminal  teeth.  Typical  of  this  group  are: 

Pterygotus  buffaloensis  Pohlman,  type 
P.  macro phthalmus  Hall 
P.  osiliensis  F.  Schmidt 


b.  Pterygotus,  subgenus  Curviramus  nov. 

Rami  of  chelicerae  with  rounded  extremities  and  outwardly  curved 
terminal  teeth. 

Pterygotus  cobbi  Hall,  type 

P.  cobbi  var.  juvenis  Clarke  and  Ruedemann 

P.  anglicus  Agassiz 

P.  barrandei  Semper 

P.  monroensis  Sarle 

P.  atlanticus  Clarke  and  Ruedemann 

P.  elleri  Ruedemann 

P.  montanensis  Ruedemann 


EXPLANATION  OF  PLATE. 

Fig.  i.  Pterygotus  {Acutiramus)  buffaloensis  Pohlman.  Natural  size.  From  Clarke 
and  Ruedemann. 

Fig.  2.  Pterygotus  {Acutiramus)  macrophthalmus  Hall.  Natural  size.  From  Clarke 
and  Ruedemann. 

Fig.  3.  Pterygotus  ( Acutiramus ) osiliensis  Schmidt.  Natural  size.  From  Zittel 
and  Broili. 

Fig.  4.  Pterygotus  ( Curviramus ) cobbi  Hall.  xy£.  From  Clarke  and  Ruedemann. 

Fig.  5.  Pterygotus  {Curviramus)  cobbi  var.  juvenis  Clarke  and  Ruedemann.  Natural 
size.  From  Clarke  and  Ruedemann. 

Fig.  6.  Pterygotus  { Curviramus ) anglicus  Agassiz.  x^.  From  Zittel  and  Broili. 

Fig.  7.  Pterygotus  { Curviramus ) barrandei  Semper.  x}4-  From  Clarke  and 
Ruedemann. 

Fig.  8.  Pterygotus  ( Curviramus ) monroensis  Sarle.  x 3.  From  Clarke  and  Ruede- 
mann. 

Fig.  9.  Pterygotus  {Curviramus)  atlanticus  Clarke  and  Ruedemann.  Natural  size. 
From  Clarke  and  Ruedemann. 
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It  would  seem  that  the  ramus  of  Acutiramus  was  specialized  per- 
haps for  holding  very  slippery  prey.  It  is  suggestive  in  its  harpoon 
shape,  while  the  other  ramus  is  principally  adapted  for  seizing  the  prey, 
by  reaching  out  as  far  as  possible.  A comparison  of  P.  buffaloensis 
with  P.  anglicus  suggests  that  there  exists  further  difference  between 
the  two  subgenera  the  elucidation  of  which  awaits  the  finding  of  more 
complete  specimens  of  all  species. 

Pterygotus  (Curviramus)  elleri  sp.  nov. 

Description.  Free  ramus  of  chelicera  of  relatively  short,  (1.  = 5.1 
mm.)  solid  structure;  body  of  ramus  five  times  as  long  as  wide;  ex- 
panding from  initial  width  of  .75  mm.  to  one  of  1 mm.  forward  of 
middle,  then  rapidly  decreasing  in  width.  Basal  margin  forming  an 
evenly  convex  curve  with  terminal  tooth,  which  is  slightly  curved 
outward  and  measures  1.4  mm.  in  length.  The  posterior  teeth  are 
short  (poorly  preserved)  and  vertical  in  position;  the  anterior  ones 
fairly  long  (.9  mm.)  and  slightly  turned  forward.  The  teeth  show 
traces  of  longitudinal  striation. 


Fig.  1.  Pterygotus  (Curviramus)  elleri  nov.  sp. 

Holotype  x 8.  Carnegie  Museum,  Section  of  Invertebrate  Paleontology,  No.  7220. 

Horizon  and  locality.  Devonian  “Chemung”  beds  at  Alfred  Station, 
N.  Y.,  E.  R.  Eller  coll.  1934. 

Remarks.  The  small  size  of  the  ramus  suggests  that  it  is  derived 
from  a very  young  individual.  If  the  chelicera  described  by  us  (op. 
cit.  p.  429)  as  Pterygotus  cobbi  var.  juvenis  actually  comes  from  a 
young  individual  of  the  species,  the  chelicerae  of  the  young  indi- 
viduals were  distinguished  from  those  of  the  mature  individuals  by 
their  relatively  much  shorter  and  stouter  form.  The  ramus  of  P. 
elleri  is  similarly  broad  and  short  like  that  of  P.  cobbi  var.  juvenis  and 
therefore  is  quite  probably  from  a very  young  individual.  It  is  dis- 
tinguished from  the  Silurian  type  by  the  greater  development  of  the 
terminal  tooth. 
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Pterygotus  (Curviramus)  montanensis  sp.  nov. 

Description.  Free  ramus  of  chelicera  fairly  slender;  body  of  ramus 
seven  times  as  long  as  wide  (1.  = 8.6  mm.,  w.  = 1.2  mm.);  gradually 
expanding  from  an  initial  width  of  1 mm.  to  one  of  1.2  mm.  near  the 
anterior  extremity;  with  a straight  base  and  a forwardly  convex  an- 
terior margin  leading  into  the  large  projecting  terminal  tooth.  Teeth 
slightly  inclined  forward;  long  (about  2 mm.)  and  slender;  increasing 
in  size  forward;  with  minute  teeth  interspersed.  Length  of  terminal 
tooth  not  known. 


Fig.  2.  Pterygotus  (Curviramus)  montanensis  nov.  sp. 

Holotype  x 8.  Carnegie  Museum,  Section  of  Invertebrate  Paleontology,  No.  7221. 


Horizo?i  and  locality.  Devonian  Three  Forks  shale  at  Three  Forks, 
Montana.  P.  E.  Raymond  and  Earl  Douglass  coll.  1905. 

Remarks.  The  ramus  here  described  as  P.  montanensis  is  probably 
also  from  a young  individual;  its  small  size  and  short,  stocky  form 
leave  hardly  any  doubt  of  that.  A distinctive  character  is  the  close 
arrangement  and  the  great  length  of  the  acutely  pointed  teeth.  To- 
wards the  front,  several  teeth  are  clearly  alongside  of  each  other,  so 
that  it  appears  that  there  were  double  teeth  or  even  a double  series, 
such  as  is  found  in  the  spines  of  walking  legs  of  the  eurypterids. 
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INTRODUCTION 

In  1931  the  author  discussed  the  phylogeny  of  the  Heteromyidae, 
covering  all  the  fossil  representatives  of  the  family  then  available  to 
him.  Since  that  time,  other  specimens  have  come  to  hand,  some  of 
which  have  already  been  described  (Wood,  1932  and  1933).  The 
most  important  portion  of  the  new  material  has  only  now  been  studied, 
and  a restudy  has  been  made  of  the  other  members  of  the  family. 
The  previously  known  fossil  forms  consisted  merely  of  jaws  and  teeth, 
or  more  rarely  of  skulls,  with  occasional  limb  bones  presumably 
associated  with  them.  Some  of  the  new  forms  described  below  are 
of  this  type.  Two  specimens,  however,  are  quite  complete.  One, 
from  the  Pliocene  of  Ainsworth,  Nebraska,  was  discovered  by  Mr. 
J.  H.  Quinn,  and  kindly  lent  to  me,  for  study,  by  the  Field  Museum. 
It  consists  of  both  rami  of  the  lower  jaw,  several  fragments  of  the 
skull,  including  the  upper  incisors,  five  cervical,  five  thoracic,  one 
lumbar  and  six  caudal  vertebrae,  humerus,  radius,  part  of  the  ulna, 
the  major  part  of  the  pelvis,  both  femora,  both  tibio-fibulae,  astra- 
galus, calcaneum,  both  naviculars,  a cuneiform,  and  several  ribs  and 
toe  bones.  The  other  specimen,  which  is  even  more  complete,  was 
collected  by  the  author  in  the  summer  of  1931,  near  the  University  of 
Nebraska  Quarry  at  Valentine,  Nebraska.  With  this  exceptionally 
fine  material,  it  is  now  possible  for  the  first  time  to  attempt  a discus- 
sion of  the  evolution  of  other  parts  of  the  Heteromyidae  than  the 
cheek  teeth,  though  only  an  outline  can  be  given. 

In  comparing  these  fossil  skeletons  with  the  recent  genera  to  which 
they  are  most  nearly  related,  considerable  use  has  been  made  of  such 
publications  as  deal  with  their  anatomy,  particularly  Hatt  (1932) 
and  Howell  (1932).  In  much  of  the  field,  however,  satisfactory 
descriptions  have  not  been  published.  Hence,  the  anatomy  of  the 
living  genera  is  included  briefly.  Furthermore,  but  little  work  has 
been  published  dealing  with  the  detailed  structure  of  the  teeth  of  liv- 
ing heteromyids.  As,  in  the  living  forms,  this  represents  merely  the 
end-stages  of  the  evolutionary  steps  outlined  by  the  fossils,  and  as 
the  patterns  are  quite  distinct  in  the  various  recent  genera,  and  some-; 
times  even  in  different  species,  the  dental  structure  of  recent  genera 
is  included  in  some  detail.  Moreover,  the  teeth  supply  the  only 
means  of  comparing  all  the  known  members  of  the  family.  While 
an  attempt  has  been  made  to  arrange  some  of  the  species  of  the 
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recent  genera  according  to  their  phylogenetic  relationships,  no  effort 
has  been  made  to  include  all  the  living  species,  but  merely  those 
available  in  the  collections  of  the  American  Museum  of  Natural 
History,  and  no  revision  of  the  living  forms  is  attempted. 

Very  little  work  has  been  done  on  the  anatomy  and  evolution  of  the 
Heteromyidae.  Besides  the  three  papers  by  Wood  (1931,  1932  and 
1933)  mentioned  above,  the  most  important  papers  on  fossil  hetero- 
myids  are  Cope,  1884;  Dice,  1925;  Gazin,  1930  and  i932;Gidley,  1922; 
Hall,  1930&;  Kellogg,  1910;  Matthew,  1924;  and  Troxell,  1923.  There 
has  been  a considerable  increase  in  the  amount  of  available  heteromyid 
material  in  the  last  few  years.  An  indication  of  this  is  given  by  con- 
sulting Hay’s  Catalogs.  In  the  first  (1902)  one  extinct  genus  and  one 
species  are  listed  that  are  considered  in  this  paper  as  heteromyids. 
In  the  second  (1930),  three  genera  and  six  species  are  given.  In  the 
present  paper,  seven  genera  and  nineteen  species  are  discussed.  The 
great  increase  in  known  forms  in  the  last  few  years  is  in  large  part  due 
to  more  intensive  collecting  of  small  rodents. 

The  most  important  articles  on  recent  Heteromyidae  are  Baird, 
1857;  Coues,  1877;  Goldman,  1911;  Grinnell,  1922;  Hatt,  1932; 
Howell,  1932;  Merriam,  1889;  Osgood,  1900;  and  Tullberg,  1899. 
The  papers  by  Hatt  and  Howell  give  the  most  detailed  anatomical 
accounts.  That  by  Coues  includes  the  most  complete  summary  of  the 
classification  of  the  family. 

I am  under  obligations  to  numerous  people  for  the  assistance  they 
have  given  me  in  the  preparation  of  this  paper.  I wish  to  thank  the 
Field  Museum  for  the  loan  of  the  very  interesting  skeleton  of  Dipri- 
onomys.  I am  especially  indebted  to  Dr.  Florence  Dowden  Wood  for 
many  of  the  drawings  with  which  this  paper  is  illustrated.  Professors 
W.  K.  Gregory  and  H.  E.  Wood  have  made  numerous  suggestions  which 
have  been  incorporated  in  the  paper,  and  have  assisted  with  critical 
readings  of  the  manuscript.  The  Department  of  Recent  Mammals 
of  the  American  Museum,  and  particularly  Dr.  R.  T.  Hatt,  have  lent 
me  material  and  permitted  me  to  study  their  extensive  collections  of 
recent  Heteromyidae,  and  have  also  offered  many  helpful  suggestions. 
The  Department  of  Vertebrate  Paleontology  of  the  American  Museum 
lent  me  the  types  of  the  fossil  heteromyids  in  their  collection,  as  well 
as  undescribed  material,  discussed  below.  Mr.  H.  C.  Raven  of  the 
Department  of  Comparative  Anatomy  has  offered  helpful  criticisms. 
Mr.  Harold  J.  Cook  of  Agate,  Nebraska,  lent  me  the  type  of  Perogna- 
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thus  coquorum  described  below.  The  specimens  of  Mookomys  formi- 
corum  were  discovered  in  a locality  which  he  suggested  as  a possible 
source  of  heteromyids.  Specimens  have  been  lent  to  me  by  the  Uni- 
versity of  California  and  by  the  California  Institute  of  Technology. 
This  study  has  been  aided  by  grants  from  the  Marsh  Fund  of  the 
National  Academy  of  Sciences.  I wish  to  thank  the  Carnegie  Museum 
for  publishing  this  paper.  I am  indebted  to  the  field  parties  of  the 
University  of  Nebraska,  and  especially  to  Messrs.  Johnson,  McGrew 
and  Osborne,  for  their  extremely  hospitable  welcome,  and  for  the 
opportunity  they  gave  me  to  collect  heteromyids  in  the  vicinity  of 
their  quarry.  Mr.  A.  D.  Howard  of  New  York  University  very 
kindly  furnished  me  with  a description  of  the  Valentine  matrix.  I am 
grateful  to  Dr.  G.  L.  Jepsen  of  Princeton  for  permission  to  study  the 
specimen  of  Heliscomys  senex.  I wish  to  extend  my  hearty  thanks  to 
all  other  persons  and  institutions  who  have  assisted  me  in  any  man- 
ner, and  who  are  not  specifically  mentioned  here. 

The  Heteromyidae  or  pocket  mice  are  an  exclusively  new  world, 
and  largely  western  North  American,  family  of  small  rodents  (see 
maps,  figs.  1 54-1 57).  The  living  genera  are  Perognathus,  the  pocket 
mouse;  Microdipodops , the  kangaroo  mouse;  Dipodomys , the  kanga- 
roo rat;  and  Liomys  and  Heteromys,  the  spiny  pocket  mice.  As  can  be 
inferred  from  their  popular  names,  two  of  these  are  leaping  forms,  and 
the  others  scampering.  In  spite  of  the  implications  in  their  vernacular 
names,  these  animals  have  no  affinities  with  the  true  rats  and  mice, 
perhaps  being  distantly  related  to  the  squirrels.  Their  closest 
living  relatives  are  the  Geomyidae,  or  pocket  gophers,  a family 
with  a distribution  very  similar  to  that  of  the  Heteromyidae.  In 
body  form,  the  pocket  gophers  are  very  different  from  the  pocket  mice, 
all  known  forms  being  skillful  diggers,  spending  all,  or  nearly  all,  of 
their  life  beneath  the  ground.  They  resemble  the  pocket  mice  in  many 
characters  of  soft  anatomy  and  skeleton,  the  most  visible  being  the 
cheek  pouches,  which  open  outside  the  mouth,  known  in  no  other 
groups  of  rodents,  and  from  which  the  popular  names  “pocket”  mice 
and  “pocket”  gophers  are  derived.  While  the  burrowing  activities 
of  the  pocket  gophers  are  frequently  extremely  troublesome  to  their 
human  rivals,  the  pocket  mice  come  into  very  little  conflict  with  man’s 
interests.  Their  habitat  is  chiefly  in  non-arable  regions;  their  diet 
principally  grass-seeds.  They  probably  are  as  beneficial  in  storing 


Fig.  i.  Phylogenetic  Chart  of  the  Heteromyidae. 
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seeds  where  they  can  sprout  as  they  are  harmful  in  destroying  those 
they  eat. 

This  paper  is  intended  as  a revision  of  the  evolution,  especially  the 
dental  evolution  of  the  Heteromyidae  (see  fig.  i),  and  includes  at  least 
a brief  summary  of  all  the  known  Tertiary  members  of  the  family,  as 
well  as  of  the  recent  genera.  The  Pleistocene  forms  that  are  known 
have  both  been  referred  to  recent  subspecies.  The  material  is  dis- 
cussed in  order  of  stratigraphic  occurrence,  each  subfamily  being  con- 
sidered separately. 

An  attempted  supergeneric  grouping  of  the  forms  has  been  made. 
The  distinction  between  the  Heteromyinae  on  the  one  hand,  and  the 
remaining  genera  on  the  other,  is  quite  clear.  The  relations  of  the 
residual  group  are  more  difficult  to  determine.  The  foot  structure  of 
Dipodomys  and  its  relatives,  however,  seems  to  be  sufficiently  di- 
vergent from  that  of  the  other  genera  to  warrant  retention  of  Coues’ 
three  subfamilies.  The  supergeneric  groups,  together  with  their 
diagnoses,  are  given  before  the  discussion  of  the  members  of  each  sub- 
family. In  considerable  part,  the  superfamily  and  family  diagnoses 
are  modified  after  Coues  ( 18756,  1877). 

Fig.  1 a represents,  in  a general  way,  the  arrangement  of  the  more 
important  cusps  in  the  teeth  of  heteromyids.  It  is  impossible  to  show 
all  the  observed  cusps  on  a single  tooth,  but  most  of  those  mentioned 


Fig.  ia.  Typical  heteromyid  teeth  showing  cusp  terminology  adopted  in  this  paper. 


(a)  LP4 — M l.  1 = protoloph ; 2 = metaloph ; 3 = paracone ; 4 = protocone ; 
5 = protostyle ; 6 = metacone ; 7 = hy pocone ; 8 = entostyle ; 9 = pos- 
terior cingulum. 

(b)  RP4 — Mi.  1 = protolophid ; 2 = metalophid;  3 = hypolophid ; 4 = an- 
terior cingulum;  5 = posterior  cingulum;  7 = anteroconid ; 8 = meso- 
conid;  9 = mesostylid ; 10  = metaconid;  1 1 = protoconid ; 12  = proto- 
stylid;  13  = entoconid ; 14  = hypoconid;  15  = hypostylid. 


in  the  text  are  shown  on  these  figures,  in  their  typical  relationships. 
A large  number  of  cusps  are  mentioned  in  the  discussion  of  the  ap- 
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propriate  species,  to  which  no  names  have  been  applied,  as  their 
importance  is  small.  They  can  be  seen  on  the  figures  of  the  species 
in  question. 


Order  GLIRES  Linnaeus  1758  = Rodentia  Vicq  d’Azyr  1792. 

Suborder  SCIUROMORPHA  Brandt,  1855 

Rodents  with  at  least  one  upper  and  one  lower  premolar;  masseter 
never  passing  through  infraorbital  opening,  but  extending  onto 
zygomatic  plate  and  the  side  of  the  rostrum;  cheek  teeth  derivable 
from  the  Paramys  type.  New  World,  Eurasia  and  Africa.  Lowest 
Oligocene  to  Recent  (Probably  present  in  Eocene). 


Superfamily  Geomyoidea  = Saccomyoidea  Gill,  1872 

Premolars  reduced  to  i;  cheek  teeth  primitively  cuspidate  and  bra- 
chydont,  progressively  hypsodont  and  lophodont,  first  bilophate, 
then  becoming  enamel  ovals,  and  finally  reduced  to  enamel  plates  at 
one  or  both  sides  of  the  teeth;  molars  based  on  sextitubercular  pat- 
tern, two  of  the  cusps  being  derived  from  cingula;  infraorbital  fora- 
men far  forward  on  rostrum,  about  half  way  from  zygoma  to  alveolus 
of  incisor,  not  separated  from  masseter  by  large  crests  or  ridges; 
mastoid  greatly  developed,  and  spread  onto  occipital  or  dorsal  sur- 
faces of  the  skull,  or  both,  with  corresponding  reduction  of  the  oc- 
cipital; large  external  fur-lined  cheek  pouches,  supplied  with  muscu- 
lature by  the  platysma  and  other  facial  muscles  ; external  form  murine 
or  some  modification  thereof,  but  not  sciurine;  pelage  without  under 
fur.  North  America  and  northernmost  South  America.  Middle 
Oligocene  to  Recent. 


Family  GEOMYIDAE  Bonaparte,  1850 

Cheek  teeth  high  crowned  but  rooted  (Oligocene  to  Lower  Miocene) 
to  ever-growing;  enamel  progressively  reduced  to  plates  on  anterior 
and  posterior  surfaces,  or  even  to  a single  plate  at  one  end  of  the 
tooth;  skull  massive,  angular,  with  auditory  region  uninflated;  in- 
terzygomatic  width  the  greatest;  palate  slopes  steeply  downward, 
below  level  of  zygoma;  nasals  not  produced  beyond  incisors;  zygoma 
strong  and  flaring,  with  stout,  short  malar;  interorbital  constriction 
narrower  than,  rostrum;  frontals  and  parietals  compressed;  parietals 
linear  and  far  from  orbits;  squamosal  roofing  most  of  cerebral  cavity; 
tympanies  contracted  and  tubular;  petrosals  widely  separated;  oc- 
cipitals  broad,  forming  most  of  occiput,  and  not  reaching  top  of  skull; 
large  coronoid  process,  erect  and  higher  than  condyle;  jaw  heavy; 
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tail  shorter  than  body;  habitus  fossorial,  with  heavy  fore  limbs, 
small  ears  and  eyes;  pelage  usually  soft.  North  and  Central  America. 
Upper  Oligocene  to  Recent. 

Family  HETEROMYIDAE 

Saccomyna  Gray,  1843  ( = Heteromyidae) 

Dipodomyna  Gervais,  1853  ( = Heteromyidae) 

Sciurospalacoides  Brandt,  1855  ( = Geomyoidea — Dipodomys ) 
Saccomyidae  Baird,  1857  ( = Geomyoidea) 

Heteromyina  Gray,  1868  ( = Heteromyidae) 

Saccomyidae  Gill,  1872  ( = Heteromyidae) 

Heteromyidae  Allen  and  Chapman,  1893  ( — Heteromyidae) 

Cheek  teeth  brachydont  to  hypsodont  and  even  rootless;  usually 
six  cusps  per  molar,  three  on  each  loph;  enamel  rarely  divided  into  two 
plates,  never  reduced  to  one;  while  the  evolution  of  the  teeth  parallels 
that  of  the  Geomyidae,  at  a given  time  the  teeth  of  heteromyids  are 
always  more  primitive;  skull  light,  thin  and  papery;  mastoids  inflated, 
intermastoid  diameter  often  being  the  greatest,  never  appreciably 
less  than  interzygomatic;  interorbital  space  wider  than  rostrum; 
palate  nearly  horizontal,  little  if  any  below  level  of  zygoma;  nasals 
produced  far  beyond  incisors;  zygoma  slender,  with  greatly  reduced 
malar,  almost,  or  quite,  abutting  against  tympanic;  frontals  and 
parietals  broad,  the  latter  reaching,  or  nearly  reaching,  the  orbits; 
frontal  trapezoidal;  parietal  quadrate  to  pentagonal  and  triangular; 
interparietal  primitively  large,  secondarily  reduced;  squamosal  mostly 
or  entirely  confined  to  orbit;  tympanic  inflated  or  highly  inflated,  and 
vesicular;  mastoids  inflated  and  bullous,  reaching  top  of  skull,  and 
forming  part  of  occipital  surface;  occipitals  contracted  and  limited  in 
area  on  occiput,  but  extend  onto  dorsum  of  skull;  small,  sloping 
coronoid  processes,  below  the  level  of  the  condyle;  jaw  small  and 
weak  with  large,  everted  angle;  tail  as  long  as,  or  longer  than,  head  and 
body;  claws  of  manus  elongate,  fossorial,  but  fore  limb  slender; 
pelage  usually  coarse  and  frequently  spinose;  ears  and  eyes  large;  body 
form  murine  to  ricochetal.  North  and  Central  America  and  northern- 
most South  America.  Middle  Oligocene  to  Recent. 

The  family  falls  into  three  main  groups  of  genera,  of  which  one  can 
again  be  subdivided.  The  first  of  the  three  is  represented  by  the  genus 
Heliscomys,  of  the  Middle  Oligocene,  which  combines  certain  of  the 
characters  of  each  of  the  other  groups,  and,  in  other  respects,  is  too 
primitive  to  show  the  characteristics  of  the  later  subdivisions.  For 
this  reason,  this  genus  has  not  been  included  in  any  of  the  subfamilies. 
Each  of  the  other  groups  is  characterized  by  certain  definitive  traits. 
Whether  these  groups  are  subfamilies  or  not  is  a matter  of  no  great 
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importance.  They  are  real  groups,  and  need  to  be  talked  about,  so 
names  of  some  sort  are  needed  as  handles.  Coues  (1875ft)  divided  the 
family  into  three  subfamilies,  one  for  each  of  the  then-known  genera. 
These  subfamilies  have  been  ignored  for  the  past  half  century,  but  they 
appear  to  fit  the  facts,  as  known  at  present,  quite  well. 

Genus  incertae  sedis,  perhaps  ancestral  to  all  three  subfamilies, 
with  characters  common  to  all.  Perhaps  nearest  to  the  Perogna- 
thinae. 


Heliscomys  Cope,  1873 

Genotype : II.  vetus  Cope  (1873)  from  the  Middle  Oligocene  Cedar 
Creek  Beds  of  northeastern  Colorado. 

Diagnosis:  P4  tricuspidate  with  a single  anterior  cusp,  progressively 
developing  a mesoconid;  Mi_2  quadritubercular  with  a broad  external 
cingulum,  progressively  dividing  to  form  two  cusps,  making  each 
tooth  sextitubercular;  M3  with  a single  stylid;  P4  with  reduced  para- 
cone  and  weak  internal  cingulum;  M1-2  of  same  pattern  as  Mi_2, 
with  cingulum  internal;  hypocone  a.bsent  in  M3,  but  cingulum  is 
present;  teeth  bunodont  and  brachydont,  cusps  not  united  to  form 
lophs;  size  small. 

Range:  Middle  Oligocene  of  Colorado,  South  Dakota  and  Montana. 

This  genus  is  an  ideal  starting  point  for  the  evolution  of  the  later 
Heteromyidae,  with  a tooth  pattern  which  could  easily  give  rise  to 
that  of  any  of  the  other  members  of  the  family.  The  ancestry  of 
Heliscomys  is  entirely  unknown,  and  cannot  be  determined  until  more 
fossils  are  found.  There  does  not  appear  to  be  any  described  rodent,  of 
Middle  Eocene  age  or  later,  from  North  America,  which  could  possibly 
be  ancestral  to  Heliscomys , or  even  close  to  its  ancestry. 

At  present,  it  seems  best  to  leave  Heliscomys  without  subfamily 
assignment,  since  most  of  the  subfamily  characters  did  not  develop 
until  the  evolution  of  the  teeth  had  proceeded  further  than  is  the  case 
in  this  genus.  From  what  is  known  of  Heliscomys , it  could  be  ancestral 
to  any  one,  or  more  than  one,  of  the  subfamilies,  and  until  additional 
material  is  discovered  which  may  enable  closer  hook-ups  with  the 
Miocene  forms,  its  position  should  remain  as  above,  since  assignment 
to  any  one  of  the  subfamilies  would  tend  to  obscure  its  real  relation- 
ships. It  is  possible  that  Heliscomys  is  the  common  ancestor  of  the 
Heteromyidae  and  Geomyidae,  but  the  gap  between  it  and  the 
earliest  geomyids  is  so  great  and  the  time  so  short  as  to  make  this 
virtually  impossible.  It  is  almost  certain,  however,  that  Heliscomys , 
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as  far  as  its  dental  development  is  concerned,  is  structurally  ancestral 
to  the  geomyids. 


Heliscomys  vetus  Cope,  1873 

Fig.  7;  Cope,  1884,  PI.  LXV,  figs.  14,  16,  16a  and  17.  Wood,  1931,  fig.  2;  Wood, 
1933.  fig-  7;  Frechkop,  1933,  fig.  7. 

Holotype:  A.  M.  N.  H.  No.  5461;  Paratype,  A.  M.  N.  H.  No.  5462, 
both  from  the  Middle  Oligocene  Cedar  Creek  Beds  of  Colorado. 

Diagnosis:  P4  tricusped;  Mi_2  with  the  cingulum  lower  than  the 
main  cusps  and  only  incipiently  subdivided  into  two  cusps;  size  minute. 

This  species  is  known  only  from  two  lower  jaws,  from  the  Middle 
Oligocene  Cedar  Creek  Beds  of  Colorado.  The  cingulum  of  the 
molars  is  definitely  below  the  level  of  the  other  cusps,  and  is  just  be- 
ginning to  be  divided  into  two  cusps  (fig.  7).  The  other  four  cusps  are 
subequal,  and  are  all  conical,  with  no  traces  of  crests  or  ridges.  The 
valleys  between  them  are  essentially  as  deep  as  the  median  valley. 
The  premolar  is  triangular,  with  only  a single  anterior  cusp,  and 
no  trace  of  a cingulum  is  visible.  II.  vetus  is  extremely  minute, 
being  one  of  the  smallest  rodents  I have  seen  (Table  II).  If  one  follows 
the  usually  accepted  belief  that  size  must  progressively  increase  in 
a given  evolutionary  line,  the  ancestral  forms  of  this  group  of  rodents 
must  have  been  of  almost  microscopic  size.  This  conception  of  per- 
petual increase  is  due  to  the  fact  that  evolutionary  studies  have  usually 
been  made  on  large  animals.  As  the  ancestral  forms  of  all  existing 
mammals  were  small  during  the  Cretaceous  or  lowest  Tertiary,  it 
follows  that,  in  the  groups  that  have  been  most  thoroughly  studied, 
there  must  have  been  a considerable  increase  in  size.  When  an  animal 
becomes  of  a certain  magnitude,  there  is  probably  a definite  selective 
advantage  in  further  increase  of  size,  up  to  an  uncertain  point,  as  it 
decreases  the  number  of  possible  rivals  for  food  as  well  as  the  number 
of  enemies.  For  this  reason,  such  forms  are  likely  to  show  progressive 
and  unbroken  increase,  thus  illustrating  “orthogenesis.”  To  put  it 
another  way,  the  groups  which  have  attracted  the  most  attention  are 
the  ones  in  which  the  progressive  increase  of  size  was  sufficiently  con- 
tinuous to  result  in  animals  of  great  size.  Although  the  ancestral 
forms  of  a given  animal  will  be  likely  to  become  progressively  smaller 
the  further  away  from  the  end  stage  we  proceed,  other  lines  of  related 
forms  will  probably  not  evolve  at  the  same  rate.  In  small  animals, 
however,  there  should  be  much  less  adaptive  value  in  size,  as  an  in- 


Fig.  2.  Perognathus  fallax,  Amer.  Mus.  Nat.  Hist.,  no.  5066,  P4 — M3  left. 

Fig.  3.  P.  fallax,  Amer.  Mus.  Nat.  Hist.,  no.  5066,  P4 — M3  right. 

Fig.  4.  Mookomys  altifluminis , Amer.  Mus.  Nat.  Hist.,  no.  21360,  P4 — M2  left. 
Fig.  5.  Proheteromys  parvus,  Yale  Mus.,  no.  10362,  P4 — -M3  right,  reversed. 
Fig.  6.  Heliscomys  gregoryi,  C.  M.  no.  10176,  P4 — M3  right. 

Fig.  7.  II.  vetus,  Amer.  Mus.  Nat.  Hist.,  nos.  5461,  5462,  P4 — M2  left. 
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crease  or  decrease  would  at  most  merely  change  the  group  of  enemies 
with  which  the  animal  had  to  deal,  without  altering  the  number  to 
any  appreciable  extent.1  A group  which  always  remained  small 
might  show  constant  reversals  of  evolution  as  far  as  size  was  concerned. 
For  this  reason,  it  is  not  necessary  to  postulate  a species  of  Paramys 
as  small  as,  or  smaller  than,  Heliscomys , to  be  its  ancestor. 

H.  vetus  is  without  doubt  the  most  primitive  known  member  of  the 
Geomyoidea.  The  approximately  contemporary  H.  gregoryi  from 
Montana  appears  to  have  advanced  definitely  further  in  the  elevation 
of  the  cingulum  and  its  division  into  two  cusps.  H.  vetus  might  easily 
be  derived  from  a species  of  Paramys  with  an  external  cingulum  in 
the  lower  teeth.  Unfortunately,  no  such  species  seems  to  have  been 
discovered  as  yet. 


Heliscomys  hatcheri  n.  sp.  (Fig.  6b.) 

Holotype:  U.  S.  Nat.  Mus.  No.  6635,  lower  jaw  with  R Mi_2. 

Horizon  and  Locality : Middle  Oligocene  White  River  Beds  of  Cot- 
tonwood Creek,  Sioux  County,  Nebraska. 

Diagnosis:  Teeth  square;  external  cingulum  smaller  and  less 
elevated  than  in  any  other  member  of  the  family;  anterior  cingula 
small. 

The  specific  characters  listed  above  place  this  species  as  one  of 
the  most  primitive  members  of  the  genus,  and  thus,  of  the  family. 
The  four  primary  cusps  are  subequal,  and  were  much  higher  than  the 
external  cingulum.  This  latter  was  subdivided  into  two  cusps,  each 
more  closely  related  to  its  neighbor  in  the  main  part  of  the  tooth 
than  to  the  other  cingulum  cusp.  This  suggests  that  the  cingulum  may 
be  secondarily  reduced  in  this  species.  Another  possibility  is  that  this 
form  is  closer  to  the  stem  of  the  geomyids  than  is  the  case  with  the 
other  known  members  of  the  family,  as  the  cingulum  seems  never  to 
have  attained  as  high  a grade  of  perfection  in  the  gophers  as  in  the 
heteromyids.  The  great  difference  in  size  between  this  form  and  the 
earliest  geomyids,  as  well  as  the  close  similarity  of  H.  hatcheri  to 
the  other  species  of  Heliscomys , in  most  respects,  makes  this  last 
suggestion  seem  rather  improbable. 

Castle  (1932)  pointed  out  that  among  mice,  large  size  is  definitely  advan- 
tageous to  embryos  and  nursing  young,  in  enabling  them  to  get  more  than  their 
share  of  food,  but  that  the  advantage  was  reduced  or  even  reversed  in  adults. 
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Heliscomys  senex  n.  sp.  (Fig.  6a.) 

Holotype:  P.  U.  No.  13459,  left  lower  jaw  containing  P4  and  M2-3, 
from  the  Middle  Oligocene  Brule  formation  of  Slim  Buttes,  South 
Dakota. 

Diagnosis:  Width  of  molars  definitely  greater  than  length;  cingulum 
cusps  lower  than  cusps  of  protomere;  only  one  cingulum  cusp  on  M3; 
P4  formed  of  three  main  cusps  and  two  small  antero-external  ones,  one 
of  which  is  apparently  a cingulum  cusp  (mesoconid)  and  the  other  a 
conule  (metaconulid). 

This  species  furnishes  the  key  to  the  identity  of  the  cusps  of  the 
lower  premolar  in  the  later  heteromyids,  and  solves  one  of  the  most 
doubtful  points  of  cusp  homologies  within  the  family.  The  three 
main  cusps  are  obviously  identical  with  those  of  H.  vetus,  and  seem  to 
be  homologous  to  the  protoconid,  metaconid  and  hypoconid  of  the 
molars  (fig.  6a).  A posterior  cingulum  is  present.  A small  cuspule  is 


Fig.  6a.  Heliscomys  senex,  holotype,  P.  U.  no.  13459,  LP4,  LM  2-3,  X 10. 

Fig.  6b.  Heliscomys  hatcheri,  holotype,  U.  S.  N.  M.  no.  6635,  RMi_2,  X 10. 

placed  on  the  crest  connecting  the  protoconid  with  the  metaconid, 
which  appears  to  be  analogous  at  least  with  the  metaconule  of  upper 
molars,  and  is  hence  referred  to  as  the  metaconulid.  Anterior  to  this, 
on  the  buccal  side  of  the  protoconid,  is  a small  cusp,  clearly  an  up- 
growth from  a cingulum.  It  is  reasonable  to  assume  that  one  of  these 
two  cusps,  growing  larger,  forced  the  protoconid  toward  the  outside 
of  the  tooth,  and  formed  a quadritubercular  tooth  like  that  of  Pro- 
heteromys  and  Mookomys.  The  available  material  is  insufficient  to 
enable  the  question,  as  to  which  of  these  two  cusps  is  homologous  to 
the  antero-external  cusp  of  the  later  premolars  (the  mesoconid),  to  be 
settled  definitely.  However,  among  heteromyids,  conules  and  con- 
ulids  are  absent  except  in  this  species  alone.  Styles  and  stylids,  on  the 
contrary,  are  exceptionally  prevalent,  most  of  the  tooth  modifications 
occurring  in  the  family  being  connected  with  the  origin  and  growth 
of  this  type  of  cusps.  Hence,  it  would  be  more  probable,  a priori , 
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that  the  stylid  of  P4  of  H.  senex  should  give  rise  to  the  mesoconid  than 
that  the  conulid  should  do  so.  Furthermore,  the  stylid  is  much  more 
nearly  in  the  correct  position  for  the  mesoconid.  The  anterior  crest 
of  the  lower  premolar,  formed  in  later  heteromyids  by  the  union  of  the 
mesoconid,  protoconid  and  later  additions,  may  be  called  the  proto- 
lophid  (see  fig.  ia). 

The  molars  are  intermediate  between  those  of  II.  vetus  and  those 
of  II.  gregoryi,  resembling  the  former  species  in  the  lesser  height  of  the 
cingulum,  and  the  latter  in  the  transverse  elongation  of  the  teeth. 
As  in  H.  gregoryi , the  cingulum  of  the  third  molar  supports  but  a single 
cusp,  at  the  anterior  end,  the  cingulum  not  yet  having  extended  fully 
to  the  rear  of  the  tooth.  In  M2  of  II.  senex , as  in  H.  vetus,  the  pro- 
tostylid  is  much  larger  than  the  hypostylid,  whereas  in  II.  gregoryi, 
the  two  cingulum  cusps  are  of  about  equal  size.  The  lateral  valleys  of 
the  molars  are  slightly  less  deep  than  are  the  median  valleys,  represent- 
ing an  advance  over  conditions  in  H.  vetus.  The  lophization  has  pro- 
ceeded further  in  M3  than  in  any  other  tooth  of  Heliscomys  that  I 
have  seen,  the  valley  between  the  entoconid  and  hypoconid  being 
quite  shallow.  Anterior  cingula  are  present  on  the  two  molars.  As 
the  upper  molars  of  H.  gregoryi  have  an  anterior  cingulum,  it  is  entirely 
possible  that  the  lower  molars  of  that  species  would  have  had  a 
posterior  one.  Since  there  is  a large  entostyle  in  P4  of  II.  gregoryi , 
it  is  probable  that  an  external  cingulum  was  present  on  the  lower 
premolar,  no  trace  of  which  can  be  seen  in  H.  senex.  The  difference 
in  height  of  the  cingulum  cusps,  the  fact  that  the  cusps  of  the  paramere 
and  protomere  are  of  equal  elevation,  and  the  presumed  differences 
indicated  above,  are  sufficient  to  demand  the  separation  of  H.  senex 
from  H.  gregoryi,  while  the  differences  in  the  premolars  and  in  the 
shape  of  the  molars  distinguish  it  from  H.  vetus. 

Altogether,  then,  this  species,  while  not  solving  all  the  problems  of 
premolar  evolution  among  the  heteromyids,  is  nevertheless  of  con- 
siderable assistance  in  attaining  an  understanding  of  cusp  homologies. 
In  nearly  every  respect,  it  is  intermediate  between  H.  vetus  and  II. 
gregoryi,  the  only  previously  known  members  of  the  genus,  being,  if 
anything,  slightly  closer  to  the  former.  Its  affinities  with  the  Hetero- 
myinae  are  definitely  more  remote  than  with  the  other  two  subfamilies 
(see  fig.  1). 
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Heliscomys  gregoryi  Wood,  1933 

Fig.  6;  Wood,  1933,  fig.  6;  Frechkop,  1933,  fig.  7. 

Holotype:  C.M.  No.  10176  (formerly  A.  E.  W.  No.  100),  from  the 
Middle  Oligocene  Cook  Ranch  Beds  of  Montana. 

Diagnosis:  M1-2  sextitubercular,  with  cingulum  cusps  as  large  as 
those  of  the  protomere,  but  smaller  than  those  of  paramere;  P4  Pero- 
gnathine  in  aspect,  with  greatly  reduced  paracone;  M3  without 
hypocone. 

This  form,  from  the  Middle  Oligocene  Cook  Ranch  Beds  of  Mon- 
tana, is  known  only  from  one  upper  dentition.  The  cingulum  cusps 
are  lower  than  the  paracone  and  metacone,  though  as  high  as  the 
protocone  and  hypocone.  The  paracone  of  P4  is  greatly  reduced, 
foreshadowing  its  disappearance  in  the  Perognathinae  and  Dipo- 
domyinae,  at  least.  This  species  is  definitely  more  suggestive  of  these 
two  subfamilies  than  of  the  Heteromyinae,  and  perhaps  closer  to  the 
Dipodomyinae  than  to  the  Perognathinae  in  the  forward  movement  of 
the  metacone  (fig.  6),  which  tends  to  block  the  median  valley.  H. 
gregoryi  is  close,  however,  to  a structural  ancestor  for  all  the  later 
members  of  the  family.  Compared  with  the  corresponding  tooth  of 
Paramys,  P4  shows  rather  striking  differences.  In  the  latter  genus, 
the  tooth  is  subtriangular,  consisting  of  protocone,  paracone  and 
metacone,  with  minute  conules,  suggestive  of  the  upper  molars  of  the 
same  form.  There  is  a large  structural  gap  between  all  of  the  upper 
teeth  in  the  two  genera,  and  almost  as  great  a one  in  the  lower  molars. 

Field  work  by  H.  E.  Wood  during  the  summer  of  1933  definitely 
established  the  fact  that  the  Eocene  Sage  Creek  Formation  is  present 
in  the  same  region  as  the  Cook  Ranch  Beds,  which  overlie  it  uncon- 
formably  (H.  E.  Wood,  1934,  p.  255). 

Subfamily  Perognathinae  Coues  1875  (1875&) 

(Name  here  emended;  given  by  Coues  as  Perognathidinae.) 

Lophs  of  upper  premolars  unite  first  at  or  near  center  of  tooth; 
protoloph  normally  single-cusped,  but  sometimes  secondary  cusps 
develop;  lophs  of  upper  molars  unite  progressively  from  lingual  to 
buccal  margins;  those  of  lower  premolars  unite  at  center  of  tooth, 
giving  an  X-pattern;  lophs  of  lower  molars  unite  primitively  at  buccal 
margin,  progressively  at  center  of  tooth,  forming  an  H-pattern; 
cheek  teeth  brachydont  to  hypsodont,  but  always  rooted;  pattern 
does  not  share  in  increase  in  height  of  crown  in  hypsodont  forms,  and 


1935  Wood:  Evolution  of  Heteromyid  Rodents  89 

hence  is  lost  early  in  life;  enamel  always  complete;  Mf  progressively 
reduced;  upper  incisor  smooth  or  grooved;  center  of  palate  between 
premolars  not  ridged;  ethmoid  foramen  in  frontal;  auditory  region 
varies  from  considerably  to  highly  inflated;  bullae  expand  below  level 
of  grinding  surface  of  upper  cheek  teeth;  no  median  ventral  foramina 
in  caudal  vertebrae;  astragalus  always  articulates  with  cuboid; 
typically  scampering,  progressively  saltatorial. 

Genera:  Mookomys,  Perognathoides,  Perognathus  and  perhaps  Micro- 
dipodops. 

Range:  Lower  Miocene  of  Nebraska,  Middle  Miocene  of  Nebraska 
and  Montana,  Upper  Miocene  of  California,  Middle  Pliocene  of 
California,  Upper  Pliocene  of  Arizona,  Pleistocene  of  California,  and 
Recent  of  British  Columbia,  western  United  States  and  Mexico  (see 
chart,  fig.  I,  and  map,  fig.  155). 

Mookomys  Wood,  1931 

Genotype:  M.  altifluminis  Wood  (1931)  from  the  Deep  River 
Miocene  Formation  of  Montana. 

Diagnosis:  P4  quadri tubercular;  Mi_2  bilophodont  and  sextituber- 
cular;  cusps  still  very  prominent  on  the  lophs;  teeth  relatively  low- 
crowned,  becoming  progressively  higher  crowned;  upper  incisor 
grooved;  union  of  cusps  of  P4  with  each  other  of  Perognathine  type, 
but  much  more  delayed  than  in  Perognathus. 

Range:  Lower  and  Middle  Miocene  of  Nebraska  and  Montana. 

This  genus  differs  from  Perognathus  chiefly  in  the  much  less  lopho- 
dont  character  of  the  cheek  teeth,  still  retaining  the  primitive  im- 
portance of  the  cusps,  which  can  be  seen  almost  throughout  life  as 
distinct  entities  in  the  crown.  This  is  especially  well  marked  in  the 
premolar.  In  all  characters  which  are  known,  the  genus  could  easily 
be  ancestral  to  the  recent  Perognathus , as  well  as  to  other  Perognathines 
(see  fig.  1).  There  is  no  greater  difficulty  in  deriving  Mookomys  from 
Heliscomys.  The  chain  is  strengthened  by  the  addition  of  the  speci- 
mens from  the  Harrison,  discussed  below,  which  are  essentially  half- 
way between  Heliscomys  gregoryi  and  Mookomys  altifluminis . There 
is  no  trace  of  the  H-pattern  in  the  lower  molars. 

Mookomys  formicorum  n.  sp.la  (Fig.  8.) 

Holotype:  C.  M.  No.  10177,  RMi;  Paratypes,  C.  M.  No.  10178, 
RP4  and  C.  M.  No.  10179,  RM2,  collected  by  A.  E.  Wood  from 
ant  hills  in  the  Lower  Miocene  Lower  Harrison  Beds,  about  two 
miles  north-east  of  Agate,  Sioux  County,  Nebraska,  Sept.  2,  1932. 

laThe  specific  name  is  given  in  compliment  to  the  ants  who  originally  collected 
the  specimens. 
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Diagnosis:  More  primitive  than  Mookomys  altifluminis , in  its  low 
crown  and  the  wide  separation  of  the  individual  cusps,  which  are 
sufficiently  united  to  warrant  its  separation  from  Heliscomys. 

The  crown  is  beginning  to  be  heightened,  and  the  cusps  are  uniting 
to  form  lophs,  thus  placing  the  species  within  the  limits  of  Mookomys. 
The  cusps  of  the  external  cingulum  are  of  the  same  elevation  as  the 
other  four  cusps  (fig.  8).  The  two  cingulum  cusps  are  quite  close  to- 


Fig.  8.  Mookomys  for  mi  cor  urn . 

(a)  C.  M.  no.  10178,  RP4,  X 10. 

(b)  C.  M.  no.  10177,  RMi,  X 10. 

(c)  C.  M.  no.  10179,  RM2,  X 10. 

gether,  and  are  separated  from  each  other  by  a valley  comparable  in 
depth  with  those  between  any  two  cusps  of  the  same  loph.  The 
median  valley,  except  for  the  section  between  the  protostylid  and 
hypostylid,  is  much  deeper  than  any  of  the  lateral  valleys.  In  these 
characters,  this  form  resembles  the  genotype  of  Mookomys.  In  an 
unworn  tooth,  such  as  these  specimens,  the  cusps  stand  out  quite 
independently  of  each  other,  so  that  there  is  a very  strong  resemblance 
to  the  teeth  of  H.  gregoryi.  P4  shows  no  trace  of  the  paracone  found 
in  H.  gregoryi.  The  tooth  is  symmetrical,  as  in  Perognathus,  but  the 
cusps  are  distinct  as  in  M.  altifluminis . M.  formicorum  is  about  the 
same  size  as  M.  altifluminis , from  the  Deep  River.  One  anomalous 
character  is  that  the  metalophid  of  Mi  is  distinctly  shorter  than  the 
hypolophid. 

This  form  seems  ideally  to  fill  the  gap  between  Heliscomys  gregoryi 
and  Mookomys  altifluminis.  As  far  as  can  be  told  from  these  specimens, 
this  species  could  be  ancestral  to  both  the  Dipodomyinae  and  Pero- 
gnathinae,  although  there  is  nothing  to  indicate  definitely  that  such  is 
the  case.  There  is  no  very  valid  reason  for  ruling  out  relationship  with 
the  Heteromyinae. 

Mookomys  altifluminis  Wood,  1931 

Fig.  4;  Wood,  1931,  fig.  4;  Wood,  1933,  fig-  4- 

Holotype:  A.  M.  N.  H.  No.  21360,  from  the  Deep  River  Miocene, 
seven  miles  south  of  Ft.  Logan,  Montana. 
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Diagnosis:  Molars  lophodont,  and  more  high  crowned,  but  cusps 
retained  for  a considerable  time;  cusps  of  P4  quite  distinct,  the 
median  valley  being  no  deeper  than  the  antero-posterior  valleys. 

This  species  is  definitely  Perognathine,  but,  at  the  same  time,  more 
primitive  than  any  of  the  contemporary  or  later  forms,  to  all  of  which 
it  could  have  given  rise,  though  it  is  probably  too  late  actually  to 
have  done  so  (see  phylogenetic  chart,  fig.  1).  The  cusps  of  P4  show 
as  little  apparent  tendency  to  unite  into  lophs  as  in  Heliscomys , 
although  the  tooth  has  become  quadritubercular  as  in  all  Pero- 
gnathines  (fig.  4).  Most  of  the  generic  characters  are  equally  well 
applicable  to  this  species.  Another  specimen  (A.  M.  N.  H.  No.  21409) 
consists  of  a right  lower  jaw  with  the  premolar.  This  is  much  more 
worn  than  that  of  the  holotype,  and  shows  the  typical  Perognathine 
manner  of  uniting  the  lophs  in  the  center  of  the  tooth,  but  the  cusps 
still  remain  distinct. 

The  skeletal  material  associated  with  the  type  has  been  restudied  in 
connection  with  the  two  skeletons  of  Pliocene  genera  discussed  below. 
The  statement  made  by  Wood  (1931,  p.  4)  that  the  tibia  and  fibula 
were  separate  proves  erroneous,  a slight  knob  being  distinctly  visible 
on  the  shaft,  marking  the  point  at  which  the  fibula  was  broken  off, 
and  to  which  the  bones  were  fused.  As  the  tooth  measurements 
(Table  II)  seem  to  indicate  an  animal  about  the  size  of  Perognathus 
fallax  fallax,  the  limb  bones  of  the  two  forms  have  been  compared. 
The  portion  of  the  tibiofibula  present  in  the  fossil  would  indicate  a 
bone  of  similar  size  and  proportions  to  that  in  the  recent  form,  but 
apparently  slightly  more  progressive  in  the  extent  of  fusion  (see 
Table  III).  The  right  astragalus  and  the  left  calcaneum  are  present. 
The  tibial  trochlea  of  the  astragalus  is  shorter  than  the  fibular,  as  in 
other  heteromyids  and  in  Paramys.  As  in  Perognathus , there  was  no 
naviculo-calcaneal  contact,  which  differentiates  these  forms  from  the 
Dipodomyinae,  in  which  it  is  characteristically  present.  In  Paramys, 
apparently  both  the  calcaneal-navicular  and  the  astragalo-cuboid 
contacts  occur,  neither  being  greatly  developed.  The  ectocuneiform 
is  shaped  as  in  Perognathus,  though  slightly  larger  than  in  P.  f. 
fallax.  The  outline  of  the  bone  is  more  even  than  in  Paramys.  The 
distal  half  of  the  humerus  is  preserved,  and  is  almost  identical  with 
that  of  Perognathus,  except  that  the  deltoid  process  extends  slightly 
further  distad  in  Mookomys,  a more  primitive  condition,  approaching 
what  we  find  in  Paramys.  The  olecranon  is  shorter  in  Mookomys 
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than  in  Perognathus,  but  otherwise  the  part  of  the  ulna  represented 
seems  indistinguishable  in  the  two  forms.  The  pes,  as  far  as  de- 
terminable, is  similar  to  that  of  Perognathus.  These  comparisons 
indicate  an  animal  close  to  Perognathus  in  most  of  its  characters,  but 
definitely  more  primitive  in  nearly  every  respect.  With  the  exception 
of  the  percent  of  fusion  of  the  tibia  and  fibula  (which  is  within  the 
range  of  variation  of  Perognathus ),  every  character  in  which  the 
skeleton  of  Mookomys  differs  from  that  of  Perognathus  shows  an 
approach  toward  Paramys.  In  spite  of  this,  the  skeleton  of  Mookomys 
is  a typical  heteromyid  one,  showing  fundamental  differences  from 
that  of  Paramys. 

Perognathoides  new  genus 

Genotype:  Diprionomys  quartus  Hall,  1930b,  from  the  Pliocene 
Thousand  Creek  Beds  of  Esmeralda  County,  Nevada. 

Diagnosis:  Teeth  with  Perognathine  pattern;  P4  with  two  accessory 
cuspules  in  protoloph,  one  buccal  and  one  lingual;  teeth  higher  crowned 
than  in  the  more  primitive  species  of  Perognathus  or  than  any  other 
Tertiary  Perognathine;  Pf — Mf  subequal;  upper  incisors  asulcate. 

The  forms  included  in  this  genus  are  definitely  related  to  Perogna- 
thus, although  they  are  probably  collaterals  rather  than  direct  an- 
cestors, because  of  the  more  advanced  hypsodonty  of  the  cheek 
teeth,  and  the  different  specialization  of  P4,  as  well  as  the  fact  that 
they  are  later  than  the  earliest  known  species  of  Perognathus.  The 
difference  between  grooved  and  smooth  incisors  is  considered  by 
taxonomists  dealing  with  living  rodents  as  being  in  itself  a generic 
distinction.  If  this  difference  is  caused  by  a single  gene  mutation,  as 
seems  likely  from  its  widespread  occurrence  in  independent  lines  of 
rodents,  its  evolutionary  importance  might  be  questioned.  However, 
taken  together  with  the  pseudo-Heteromyine  pattern  of  P4,  and  the 
high  crowns,  it  seems  reasonable  to  separate  this  group  of  species. 
If  the  buccal  cuspule  of  P4  should  be  the  paracone,  it  would  suggest 
independent  derivation  from  Heliscomys , a suggestion  borne  out,  from 
the  point  of  view  of  orthodox  paleontology,  by  the  asulcate  incisors, 
which  could  not  have  evolved  from  the  grooved  ones  of  Mookomys 
without  reversal  of  evolution.  The  presence  of  the  accessory  cusps 
of  P4  would  rule  Perognathoides  out  from  possible  ancestry  to  Perogna- 
thus, unless  on  the  basis  of  the  ingenious  theory  suggested  by  Schreu- 
der  (1933). 

The  exact  relationships  of  the  two  species  referred  to  this  genus 
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cannot  be  definitely  determined  without  more  material  than  is  at 
present  available.  The  characters  listed  below  as  specific  characters 
for  P.  tertius,  however,  all  seem  to  represent  distinct  advances  in 
specialization  over  P.  quartus,  some  paralleling  Perognathus,  and 
some,  Dipodomys. 


Perognathoides  quartus  (Hall) 

Diprionomys  quartus  Hall  1930& 

Figs.  9-10;  Hall,  1930,  figs.  5-8. 

Holotype:  U.  Cal.  Coll.  Vert.  Pal.  No.  29639,  from  the  Fish  Lake 
Valley  Pliocene  Beds  of  Esmeralda  County,  Nevada. 

Diagnosis:  Size  large;  P4  with  protostyle  and  buccal  style;  teeth 
less  hypsodont  than  in  the  other  known  species;  Pf  subequal  to  Mi; 
little  reduction  of  Mf;  P4  becomes  circular  when  worn;  infraorbital 
foramen  far  forward. 

This  species  is  strongly  suggestive  of  Perognathus  in  all  its  dental 
characters  except  those  of  P4.  The  accessory  cusps  of  this  tooth  are  of 
doubtful  significance,  but  are  probably  at  least  specific  and  very 
possibly  generic  characters.  The  upper  incisors  show  no  evidence  of 
any  sulci.  The  metaloph  of  P4,  both  lophs  of  M1,  and  the  protolph 
of  M2,  are  all  nearly  of  equal  width  (Table  II).  The  protoloph  of  P4 
unites  with  the  center  of  the  metaloph  (fig.  9),  which  serves  to  unite 
this  genus  with  the  Perognathinae,  counterbalancing  the  tricuspidate 


Fig.  9.  Perognathoides  quartus.  After  Hall,  1930 h,  RP4 — M2,  X 10. 
Fig.  10.  Perognathoides  quartus.  After  Hall,  1930&,  RP4 — M3,  X 10. 
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character  of  the  loph,  which  is  a characteristic  of  the  Heteromyinae. 
The  lophs  of  the  upper  molars  fuse  progressively  from  the  lingual  to 
the  buccal  sides.  The  external  folds  of  the  upper  cheek  teeth  are  pre- 
served for  a considerable  time.  The  enamel  lake  in  RM2  of  the  holo- 
type  is  a minor  accident,  due  to  the  union  of  the  paracone  and  metacone 
slightly  before  the  complete  destruction  of  the  median  valley.  It 
is  probably  an  individual  character  to  which  no  particular  significance 
can  be  attached,  as  it  is  in  Perognathus , though  it  may  be  of  specific 
value.  The  presence  of  this  lake  is  verbally  suggestive  of  affinities 
with  the  Heteromyinae,  but  it  is  merely  a superficial  resemblance, 
similar  to  the  resemblance  of  P4.  In  the  Heteromyinae,  when  the 
paracone  and  metacone  first  unite,  it  is  at  their  buccal  margin.  In 
this  instance,  it  is  between  their  lingual  tips.  The  two  lophs  are  not 
separated  in  the  center  and  approximated  at  either  end,  but  rather 
the  flanks  of  the  paracone  and  metacone  extend  further  into  the 
median  valley  than  do  the  spaces  between  the  proto-  and  paracones 
on  the  one  hand,  and  between  the  meta-  and  hypocones  on  the  other. 
Furthermore,  as  in  Perognathus , the  lake  in  Perognathoides  is  an 
extremely  evanescent  character,  whereas  that  in  the  Heteromyinae 
is  of  considerable  duration.  Moreover,  as  indicated  above,  the  funda- 
mental character  of  P4  is  Perognathine.  This  is  an  instance  of  the 
dangers  awaiting  the  taxonomist  who  bases  his  classification  on  a single 
character  rather  than  the  totality  of  characters  of  the  animals  in- 
volved. 

The  lower  jaw,  U.  Cal.  Coll.  Vert.  Pal.  No.  29631,  doubtfully  re- 
ferred to  this  species  by  Hall  (19306)  may  well  be  correctly  allocated, 
although  it  is  so  badly  worn  as  to  make  any  assignment  uncertain 
(fig.  10).  The  relative  sizes  of  the  teeth,  with  P4 — M2  subequal  and 
M3  only  slightly  smaller  than  the  others,  is  certainly  suggestive  of 
P.  quartus.  The  two  lophs  of  P4  appear  to  be  nearly  the  same  size. 
M2  is  wider  than  Mi,  which  may  be  due  merely  to  the  atypical  de- 
velopment of  Mi,  which  is  extremely  crowded  by  the  adjacent  teeth. 
The  anterior  portion  of  the  masseteric  crest  is  nearly  horizontal. 

The  general  proportions  of  the  teeth  most  nearly  resemble  those  of 
Heliscomys  gregoryi.  The  nearly  equal  width  of  the  three  anterior 
teeth  in  each  jaw  of  P.  quartus  seems  quite  characteristic,  as  does  the 
lack  of  reduction  of  Mf. 
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Perognathoides  tertius  (Hall) 


Diprionomys  tertius  Hall  1930& 

Figs.  11-12;  Hall,  19306,  figs.  2-4. 

Holotype:  U.  Cal.  Coll.  Vert.  Pal.  No.  29632,  from  the  Fish  Lake 
Valley  Pliocene  Beds  oL Esmeralda  County,  Nevada. 

Diagnosis:  Crowns  high;  M2  equal  in  width  to  Mi;  P4  much  nar- 
rower; M3  definitely  reduced;  marked  depression  between  M3  and  base 
of  coronoid  process,  without  a foramen;  P4  wider  than  M2. 

The  teeth  are  so  highly  worn  in  the  holotype  of  this  species  that 
nearly  all  characters  of  any  diagnostic  value  have  been  destroyed. 
The  protoloph  of  P4  is  definitely  Perognathine,  uniting  with  the  center 
of  the  metaloph.  How  many  cusps  there  were  in  the  protoloph  can- 
not be  determined  from  such  worn  material.  M1  and  the  metaloph  of 


11 


Fig.  11.  Perognathoides  tertius,  After  Hall,  19306,  LP4 — M3,  X 10. 

Fig.  12.  Perognathoides  tertius.  After  Hall,  19306,  RP4 — M2,  X 10. 

P4  are  of  about  the  same  width.  M2  is  definitely  narrower  and  M3 
considerably  so  (fig.  11).  P4  is  larger  than  in  Perognathus,  being  sub- 
equal in  area  to  either  of  the  first  two  molars.  The  masseteric  crest  is 
similar  to  that  of  P.  quartus.  The  depression  between  M3  and  the 
coronoid  process  helps  to  distinguish  this  species  from  Perognathus  in 
the  absence  of  upper  incisors  and  unworn  cheek  teeth,  although 
depressions  of  this  sort  do  occur  in  some  species  of  Perognathus.  The 
teeth  are  more  high  crowned  than  in  Perognathus.  The  development 
of  the  depression  at  the  base  of  the  coronoid  process  and  the  pro- 
gressive hypsodonty  are  parallelisms  to  the  similar  evolution  in 
Dipodomys,  from  which  this  species  is  separated  by  the  distinctive 
character  of  P4.  These  same  characters  are  also  resemblances  to 
Microdipodops,  which,  however,  has  only  a single  cusp  in  the  protoloph 
of  P4. 
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Several  additional  specimens,  from  the  Barstow  Miocene  of  San 
Bernardino  County,  California,  are  referred  to  this  species  by  Hall 
(1930a).  Hall  (1930a,  fig.  4)  figures  two  teeth  (U.  Cal.  Coll.  Vert. 
Pal.  No.  28541)  from  the  Barstow  Beds,  which  appear  to  represent 
RP4 — Mi  of  a Perognathine.  Tentatively  they  may  be  referred  to 
Perognathoides  tertius,  which  is  the  only  described  heteromyid  from 
this  formation. 


Perognathus  Maximilian,  1839 

Synonymy: 

Cricetodipus  Peale,  1848 
Abromys  Gray,  1868 

Otognosis  Coues,  1875 

Chaetodipus  Merriam,  1889 

Figs.  2-3,  13-29;  Baird,  1857,  PI.  51,  figs.  3f  and  g,  4f  and  g;  Merriam,  1889, 
PI.  4,  figs.  1-6;  Tullberg,  1899,  PI.  27,  figs.  27-30;  Wood,  1931,  fig.  5;  Wood,  1933, 
figs.  2-3;  Frechkop,  1933,  fig.  7. 

Genotype:  P.  jasciatus  Maximilian  1839,  from  the  Missouri  River 
near  the  mouth  of  the  Yellowstone  River. 

Diagnosis:  Perognathine  tooth  pattern;  sulcate  upper  incisor; 
teeth  progressively  high  crowned  but  rooted;  protoloph  of  P4  always 
a single  cusp  uniting  with  the  central  part  of  the  metaloph;  P4  nearly 
always  four  cusped,  generally  developing  an  X-pattern;  molars  gener- 
ally without  H-pattern;  Mf  reduced;  dP|  relatively  simple,  especially 
dP4;  no  foramina  and  usually  no  pit  between  M3  and  the  base  of  the 
coronoid  process;  auditory  region  slightly  to  rather  inflated;  body 
form  murine;  locomotion  scampering  to  sub-ricochetal. 

Range:  Miocene  of  Nebraska  and  California;  Pliocene  of  Nebraska 
and  Arizona;  Pleistocene  of  California;  Recent  of  British  Columbia, 
western  United  States  and  Mexico  (see  map,  fig.  155). 

Some  specimens  of  Perognathus  approach  Dipodomys  in  one  respect 
or  another,  the  total  number  of  such  instances  being  rather  large.  No 
one  form  combines  these,  however,  to  a sufficient  extent  to  warrant 
the  supposition  that  this  genus  is  ancestral  to  the  kangaroo  rats.  The 
same  series  of  characters  are  likewise  suggestive  of  relationship  with 
Microdipodops,  as  are  also  some  additional  characters  which  help  to 
distinguish  Perognathus  from  Dipodomys , but  it  seems  probable  that 
the  kangaroo  mice  have  also  been  a distinct  line  for  some  time.  All 
of  these  forms  show  a great  deal  of  parallelism  with  each  other,  as 
will  be  brought  out  below.  The  exact  relationships  of  the  recent  genera 
to  each  other  and  to  the  fossil  genera  are  still  difficult  to  determine. 
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Sufficient  fossils  are  now  known  to  enable  one  to  picture  the  main 
outlines  of  the  evolution  of  the  family  and  to  develop  a fairly  accurate 
picture  of  the  trends  in  dental  evolution,  but  many  important  points 
still  remain  to  be  elucidated. 

The  skull  of  Perognathus  is  inflated  to  a variable  extent,  the  skull 
index2  of  some  forms,  as  P.  apache , approaching  those  of  the  more 
primitive  species  of  Dipodomys,  whereas  in  others,  as  P.  spinatus,  the 
skull  is  much  more  primitive,  the  mastoid  being  but  slightly  inflated, 
approaching  Liomys  in  general  proportions  (see  Table  IV).  The 
variations  in  the  size  of  the  interparietal,  correlated  with  the  varia- 
tions in  the  mastoids,  are  also  considerable  (Table  IV).  The  species 
of  the  subgenus  Perognathus  have  compressed  interparietals  and 
inflated  bullae,  whereas  in  Chaetodipus  they  are  uninflated  and  un- 
compressed. The  interparietal  is  occasionally  found  paired,  even  in 
aged  animals,  but  the  frequency  is  much  lower  than  in  Liomys  ( see 
below,  p.  200),  having  been  observed  but  four  times  in  about  250 
skulls.  There  is  a broad  contact  on  the  dorsum  of  the  skull  between 
the  squamosal  and  the  parietal.  In  Dipodomys , the  squamosal  is 
almost  entirely  crowded  out  of  the  dorsum  of  the  skull  by  the  lateral 
expansion  of  the  frontal  and  parietal  and  the  exceptional  inflation  of 
the  mastoid.  In  this  respect,  Perognathus  resembles  Microdipodops, 
some  species  even  showing  a slight  notch  in  the  parietal  into  which 
the  temporalis  has  carried  the  squamosal,  though  it  is  not  as  large  as 
in  the  latter  genus.  The  parietal  sends  a process  laterad  between  the 
squamosal  and  the  mastoid,  separating  them  for  a distance  which 
varies  in  different  species.  In  some  forms,  as  P.  penicillatus  eremicus , 
it  is  as  short  as  in  Dipodomys , whereas  in  P.  lordi  and  P.  m.  merriami, 
on  the  contrary,  it  is  as  long  as  in  Microdipodops , nearly  separating 
the  squamosal  from  the  mastoid.  In  Perognathus , the  alisphenoid  ex- 
tends slightly  higher  than  the  glenoid,  and  abuts  against  the  frontal 
for  about  a third  of  the  intra-orbital  length  of  the  latter.  In  Dipo- 
domys, the  main  body  of  the  alisphenoid  does  not  extend  above  the 
glenoid,  although  a narrow  process  reaches  antero-dorsad  to  meet  the 

2This  index  is  a useful  measure  of  the  amount  of  inflation  of  the  auditory 
region.  The  maximum  width  of  the  skull  is  measured,  either  across  the  zygoma 
or  across  the  auditory  region,  whichever  is  the  greatest.  The  skull  length  is  the 
distance  from  the  tip  of  the  nasal  to  the  projection  on  the  midline  of  the  most 
posterior  part  of  the  skull.  The  index  is  the  width  times  ioo,  divided  by  the 
length. 
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frontal,  separating  the  squamosal  and  orbitosphenoid.  In  P.  parvus , 
there  is  a process  from  the  alisphenoid  reaching  toward,  but  not 
meeting,  a similar  process  of  the  bulla,  suggestive  of  the  situation  in 
Microdipodops  (see  below,  p.  113).  There  is  an  ethmoid  foramen  in 
the  frontal,  near  the  dorsal  margin  of  the  orbit.  The  anterior  margin 
of  the  external  auditory  meatus  is  generally  uninflated  in  Chaetodipus, 
and  generally  inflated  in  Perognathus,  being  as  much  so  in  some 
species  as  in  Cupidinimus  (see  below,  p.  127),  though  never  reaching 
the  extremes  shown  by  Dipodomys  and  Microdipodops.  The  zygo- 
matic process  of  the  maxillary  shows  variable  but  slight  amounts  of 
inflation,  paralleling  Cupidinimus , but  not  as  well  developed. 

P4  consists  of  a curved  metaloph  of  three  cusps — the  metacone, 
hypocone  and  entostyle — and  a protoloph  with  a single  cusp,  the 
protocone.  In  almost  every  instance  studied,  the  protoloph,  on  being 
worn,  unites  with  the  center  of  the  metaloph — i.e.,  with  the  hypocone 
(fig.  3).  In  P.  flavus  mesopolius  and  to  a lesser  extent  in  P.f.  flavus, 
however,  the  protoloph  shows  a tendency  to  move  its  point  of  union 
buccally,  until  it  reaches  the  valley  between  the  hypocone  and  the 
metacone  (fig.  13).  This  is  the  manner  in  which  the  union  is  formed  in 
Microdipodops , and  appears,  on  first  sight,  likewise  to  be  a plausible 
explanation  of  the  manner  in  which  the  pattern  found  in  Dipodomys 
has  been  attained.  It  is,  however,  only  superficially  similar,  since,  in 
the  last  genus,  the  metacone  has  moved  forward,  blocking  the  median 
valley,  and  usurping  the  rights  of  the  hypocone,  whereas  in  P.  flavus, 
and  apparently  in  Microdipodops,  the  change  is  brought  about  by  the 
movement  of  the  protocone.  In  most  species,  the  premolar  is  nar- 
rower than  the  first  molar,  but  in  P.  1.  longimembris,  the  premolar  is 
wider  than  any  of  the  molars,  a specialization  in  the  same  direction 
as  occurs  in  Microdipodops  (see  fig.  30). 

M1-3  have  fundamentally  the  same  pattern  as  in  Heliscomys  gregoryi, 
differing  chiefly  in  the  greater  height  of  crown  and  more  progressive 
lophization  (fig.  3).  Lakes  may  sometimes  be  formed  on  the  crown, 
which,  from  their  ephemeral  nature,  might  be  called  playa  lakes.  As 
in  Perognathoides,  they  are  developed  by  the  meeting  of  the  bases  of 
the  paracone  and  metacone  after  the  lophs  have  united  lingually,  but 
before  the  protocone  and  hypocone  have  fused.  They  are  very  minor 
features,  instead  of  being  major  elements  of  the  crown,  as  in  the 
Heteromyinae,  where,  as  pointed  out  below,  they  are  formed  by  the 
union  of  the  buccal  margins  of  the  paracone  and  metacone.  The 
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playa  lakes  are  best  shown  in  M2-3  of  P.  spinatus.  As  in  other  genera, 
there  appears  to  be  no  hypocone  in  M3,  although  a sixth  cusp  sometimes 
occurs,  at  the  buccal  margin  of  the  metaloph,  as  in  P.  parvus.  This 
appears  to  have  budded  off  from  the  metacone.  Other  modifications 
of  the  normal  pattern  occasionally  occur.  In  P.  penicillatus  pricei 
and  P.  flavus  mexicanus,  an  H-pattern  is  developed  in  the  upper 
molars,  due  to  the  lophs  first  uniting  between  the  protocone  and  the 
hypocone.  This  appears  to  be  unique  among  the  upper  molars  of 
heteromyids.  Occasionally  an  anterior  cingulum  is  developed  on  the 
molars,  extending  from  the  paracone  to  the  protostyle,  apparently  an 
outgrowth  from  the  latter.  Sometimes  an  additional  cuspule  is  de- 
veloped at  the  center  of  this  cingulum.  This  is  shown,  in  an  early  stage 
of  development,  in  P.  f.  femoralis,  and,  more  firmly  established,  in 
P.  a.  apache , P.  longimembris  brevinasus  and  P.  m.  merriami. 

P4  normally  has  the  normal  Perognathine  pattern,  being  a four- 
cusped  tooth,  whose  cusps  units  in  the  center  to  form  an  X.  This  is 
well  shown  in  P.  fallax  (fig.  2).  One  modification  that  is  sometimes 
present  is  shown  in  fig.  14,  where  there  is  a postero-median  cuspule, 


Fig.  13.  Perognathus  flavus  mesopolius,  A.  M.  N.  H.  no.  68712,  LP4,  X 10. 

Fig.  14.  Perognathus  hispidus  paradoxus,  A.  E.  W.  no.  1336-a,  RP4 — M3,  X 10. 
Fig.  15.  Perognathus  s.  spinatus,  A.  M.  N.  H.  no.  4567,  RP4,  X 10. 

Fig.  16.  P.  n.  nelsoni,  A.  M.  N.  H.  no.  21007,  RP4,  X 10. 

Fig.  17.  P.  n.  nelsoni,  A.  M.  N.  H.  no.  21011,  RP4,  X 10. 

Fig.  18.  P.  spinatus  nelsoni,  A.  M.  N.  H.  no.  31854,  RP4,  X 10. 

Fig.  19.  P.  spinatus  peninsulae,  A.  M.  N.  H.  no.  32345,  RP4,  X 10. 

paralleling  Dipodomys.  In  P.  spinatus  and  P.  nelsoni , there  are  a 
remarkable  series  of  variations  from  normal.  In  P.  s.  spinatus,  the 
union  between  the  lophs,  instead  of  being  in  the  center  of  the  tooth, 
has  moved  buccad,  being  between  the  lingual  margins  of  the  mesoconid 
and  hypoconid  (fig.  15).  In  P.  nelsoni,  this  migration  has  proceeded 
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further,  and  the  lophs  of  the  premolars  unite  first  on  the  buccal  side, 
as  do  the  lophs  of  the  molars.  Stages  in  this  modification,  in  which 
the  two  lophs  have  united  before  the  cusps  of  the  metalophid  have 
done  so,  are  shown  in  figs.  16-17.  This  process  tends  to  bring  the 
mesoconid  and  hypoconid  close  together,  so  that  it  is  not  surprising 
to  find  a further  stage,  represented  by  P.  spinatus  nelsoni  (fig.  18), 
in  which  the  tooth  is  but  three  cusped,  the  buccal  cusps  having  fused, 
giving  a pattern  closely  resembling  that  of  Heliscomys  vetus  (fig.  7). 
This  modification  of  the  premolar  is  here  treated  as  degeneration,  the 
above  stages  being  considered  as  steps  in  that  direction,  but  the  same 
series,  if  put  in  reverse  order,  could  be  interpreted  as  progressive 
specialization.  However,  as  the  Miocene  forms  already  had  four  cusps, 
the  long  time  gap  since  H.  vetus , the  last  previous  heteromyid  with  a 
three-cusped  P4,  rules  out  this  interpretation.  The  fact  that  Mi 
shows  a considerable  increase  of  size  in  the  species  with  three  cusped 
premolars,  and  that  P4  shows  a considerable  number  of  other  varia- 
tions in  these  species,  suggests  that  the  premolar  is  losing  its  adaptive 
value,  its  functions  being  taken  over  by  the  molar,  which  would  explain 
the  opportunity  for  degeneration.  It  is  possible  that  this  three  cusped 
pattern  represents  a reversion  to  the  ancestral  condition  in  one  of  the 
manners  suggested  by  A.  E.  and  H.  E.  Wood  (1933).  In  P.  anthonyi 
and  P.  spinatus  brevis , the  protoconid  and  mesaconid  are  very  close 
together,  as  in  Proheteromys  parvus  (fig.  5).  An  anteroconid,  similar 
to  that  in  Liomys  and  Diprionomys,  occurs  in  P.  spinatus  peninsulae 
(fig.  19).  In  this  race,  the  protoconid  and  mesoconid  unite  with  each 
other,  as  well  as  through  the  anteroconid,  thus  surrounding  a small 
enamel  lake,  paralleling  Liomys  and  Heteromys  (see  figs.  130  and 
139-140). 

While  these  last  forms  mentioned  verbally  cross  one  of  the  limits 
established  for  the  subfamilies,  their  significance  is  really  of  another 
sort.  From  the  great  range  of  variation  in  the  pattern  of  P4  in  P. 
spinatus , it  is  obvious  that  something  has  happened  in  this  species  to 
upset  the  stability  of  the  genes  governing  the  premolar.  It  is  par- 
ticularly striking  that,  while  some  of  the  resulting  phenotypes  are  like 
nothing  noticed  elsewhere,  some  are  close  parallels  to,  if  not  identical 
with,  mutations  occurring  in  other  phyla  of  the  same  family,  and, 
to  a lesser  extent,  to  ones  occurring  in  the  related  family  of  Geomyidae. 
That  is,  similar  genetic  composition  permits  identical  mutations,  and 
the  closer  the  genetic  relationship,  the  greater  will  be  the  number  of 


1935  Wood:  Evolution  of  Heteromyid  Rodents  101 

identical  mutations.  It  is  possible  that  the  P.  spinatus  group  repre- 
sents an  active  stage  of  speciation. 

P.  f.  flavus  and  P.  p.  pernix,  as  well  as  P.  hispidus  paradoxus  de- 
velop the  postero-median  cusp  (fig.  14).  P.  parvus  is  characterized 
by  the  presence  of  a small  hypostylid  in  almost  every  specimen, 
paralleling  Liomys  and  Pieter 0 my s (fig.  138). 

In  Mi_2,  the  H-pattern,  caused  by  the  union  of  the  lophs  between 
the  protoconid  and  hypoconid,  becomes  progressively  developed 
(fig.  14).  In  some  species,  as  P.  penicillatus  pricei , P.  fallax  and  P. 
longimembris  brevinasus,  there  appears  to  be  no  trace  of  this  pattern. 
In  others,  as  P.  nelsoni,  it  appears  briefly  in  some  specimens  but  not 
in  others.  In  P.  parvus  and  P.  hispidus  paradoxus , it  is  well  shown. 
In  M3,  the  hypolophid  is  sometimes  two  cusped,  and  sometimes  three 
cusped,  the  two  types  appearing  with  about  equal  frequency,  and  ap- 
parently having  little  or  no  relationship  to  any  other  characters.  In 
some  forms,  the  lophs  of  M3  unite  first  at  the  lingual  margin,  due  to 
the  absence  or  extremely  poor  development  of  the  buccal  cingulum  in 
the  posterior  half  of  the  tooth.  If  the  hypostylid  is  present,  the  union 
is  buccal.  The  H-pattern  is  never  as  well  developed  in  Perognathus 
as  it  is  in  the  lower  molars  of  Dipodomys  or  Microdipodops. 

The  deciduous  premolars  show  several  stages  which  fill  the  sequence 
almost  perfectly  between  the  pattern  found  in  the  permanent  pre- 
molars of  Perognathus  and  the  deciduous  premolars  of  the  other  recent 
genera,  which  are  all  highly  specialized.  P.  apache  has  the  least 
specialized  dPl  of  any  form  studied  (Tullberg,  1899,  PI.  27,  figs. 
27-28  shows  this  stage).  The  main  cusps  of  dP4  are  as  in  P4,  but 
there  is  a cingulum  running  forward  from  the  entostyle,  around  the 
front  of  the  protocone,  to  the  metacone  (fig.  20).  This  specialization 
is  almost  identically  that  in  the  tooth  figured  by  Wood  (1932,  fig. 
29,  see  below,  fig.  96)  which  thus  seems  very  probably  to  be  a decidu- 
ous premolar,  referable  to  Proheteromys  magnus.  In  other  species  of 
Perognathus,  as  P.  flavus  bimaculatus , a small  cuspule  has  arisen 
anterior  to  the  protocone,  developed  from  the  cingulum.  A later 
stage,  in  which  a cusp  has  arisen  from  the  cingulum  external  to  the 
protocone,  and  another  from  the  lingual  cingulum  near  the  same 
cusp,  is  represented  by  P.  penicillatus  pricei  (fig.  21).  A somewhat 
different  manner  of  development  is  shown  in  P.  m.  merriami,  where 
these  cusps  do  not  show  their  cingular  origin,  but  appear  to  be  buds 
from  the  protocone,  although  this  is  probably  an  illusion.  In  P. 
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parvus  (fig.  22),  a final  stage  has  been  attained,  with  the  formation 
of  a metastyle,  lateral  to  the  metacone,  and  the  complete  lophization 
of  the  tooth,  so  that  here  are  two  multicusped  lophs,  with  an  anterior 
one  of  two  cusps,  apparently  formed  either  by  a splitting  of  the  normal 
anterior  cusp,  unless  the  second  one  is  an  upgrowth  from  the  base  of 
the  crown.  This  is,  in  fact,  a further  specialization  than  the  basic 
pattern  of  the  deciduous  premolar  of  other  heteromyids,  the  tooth  of 
P.  penicillatus  pricei  being  a closer  approach  to  the  common  stem. 

In  dP4,  there  has  been  less  variation.  The  most  primitive  pattern 
among  the  forms  studied  is  again  represented  by  P.  apache.  Here 
the  pattern  is  dominated  by  four  cusps  which  appear  to  be  homo- 
logous with  the  four  cusps  of  the  permanent  premolar  (fig.  23).  An 


Fig.  20.  Perognathus  a.  apache,  A.  M.  N.  H.  no.  6692,  LdP4,  X 10. 

Fig.  21.  P.  penicillatus  pricei,  A.  M.  N.  H.  no.  7148,  LdP4,  X 10. 

Fig.  22.  P.  parvus,  A.  M.  N.  H.  no.  33535,  LdP4,  X 10. 

Fig.  23.  P.  a.  apache,  A.  M.  N.  H.  no.  6692,  RdP4,  X 10. 

Fig.  24.  P.  penicillatus  pricei,  A.  M.  N.  H.  no.  7148,  RdP4,  X 10. 

Fig.  25.  P.  parvus,  A.  M.  N.  H.  no.  33535,  RdP4,  X 10. 

Fig.  26.  P.  hispidus  paradoxus,  A.  E.  W.  no.  1336-b,  RdP4 — Mi,  X 10 

anteroconid  is  present,  analogous  at  least  to  the  similarly  placed  cusp 
in  P4  of  Diprionomys  and  Liomys  (see  below,  figs.  103,  130).  A 
posterior  cingulum  is  present,  from  the  buccal  margin  of  which  a small 
hypostylid  is  developing.  Most  of  the  other  species  show  but  little 
advance  beyond  this  pattern,  except  in  increasing  the  size  of  the  two 
accessory  cusps  (see  figs.  24-25).  P.  hispidus  paradoxus  (fig.  26) 
shows  the  greatest  advance  of  any  species  studied,  in  the  forward 
displacement  of  the  anteroconid,  approaching  the  conditions  in  other 
genera.  In  P.  h.  hispidus , the  posterior  cingulum  gives  rise  to  four 
small  cuspules.  The  deciduous  premolars  are  never  worn  smooth 
in  Perognathus  as  they  are  in  Dipodomys  and  Heteromys. 

The  pits  between  M3  and  the  base-  of  the  ascending  ramus  range 
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from  being  entirely  non-existent,  as  in  P.  pernix,  P.  fasciatus  and  P. 
longimembris , to  being  well  developed,  as  in  P.  flaviCs  and  P.  bailey i 
rudinoris.  As  there  is  never  a foramen  in  the  pit,  the  structure  is 
closer  to  that  of  Microdipodops  than  to  that  of  Dipodomys.  The 
foramen  is  high  on  the  side  of  the  ascending  ramus,  with  a canal  run- 
ning from  it  down  the  side  of  the  bone,  disappearing  at  the  bottom 
of  the  pit,  if  one  is  present.  In  P . fasciatus  flavescens,  the  wall  of  this 
canal  is  quite  thick.  In  most  of  the  other  species,  it  is  very  thin, 
being  easily  broken  through,  as  in  P.  penicillatus  eremicus  and  P. 
spinatus  bryanti.  It  appears  likely  that  the  foramen  in  the  bottom 
of  the  pit  in  Dipodomys  was  originally  high  on  the  coronoid  as  in  the 
other  genera  of  the  family,  and  that  gradual  thinning  and  elimination 
of  the  wall  of  the  canal  caused  the  migration  of  the  foramen.  The 
slope  of  the  masseteric  crest  varies  from  about  45  0 as  in  P.  fallax  and 
P.  hispidus,  to  essentially  vertical  at  the  anterior  end,  as  in  P.  penicil- 
latus eremicus , P.  f.  fasciatus,  and  P.  fasciatus  flavescens,  a close 
similarity  to  Microdipodops . 

The  intermembral  indices3  in  the  two  subgenera  supply  an  interest- 
ing example  of  the  well-known  principle  of  lack  of  uniformity  in  rate  of 
evolution  of  different  structures.  In  the  subgenus  Perognathus,  which 
approaches  most  closely  to  Microdipodops  and  Dipodomys  in  the  skull 
characters,  the  intermembral  indices  are  the  largest,  and  hence  the 
furthest  from  those  of  the  saltatorial  forms  (see  Table  V). 

The  tail  is  tufted,  as  in  Dipodomys.  P.  flavus  mesopolius  has  an 
unusually  long,  strongly  tufted  tail.  In  Microdipodops,  on  the  other 
hand,  the  tail  is  short  and  not  tufted.  There  are  no  median  ventral 
foramina  in  the  caudal  central  of  any  specimens  examined.  The 
astragalus  articulates  with  the  cuboid,  which  sends  a long  process 
between  the  calcaneum  and  the  navicular,  to  meet  the  astragalus.  The 
dorsal  surface  of  the  ectocuneiform  is  hour-glass-shaped  (see  below, 

fig- 153)- 

3The  Intermembral  Index  is  the  ratio  of  the  length  of  humerus  + radius  to 
femur  + tibia,  times  100,  or  (R  + H)  x 100.  The  Revised  Intermembral  Index 
T + F 

includes  also  the  effective  foot  length,  or  distance  from  the  center  of  the  astragalus 
to  the  average  of  the  ends  of  the  three  longest  metatarsals,  or  (R  + H)  x 100. 
(See  Howell,  1932,  pp.  521-522).  These  ratios,  especially  the  T -f-  F + P 
second,  give  a very  accurate  measure  of  ricochetal  ability,  as  they  express  the 
reduction  of  the  fore  limb  in  terms  of  the  hind  (See  Table  V). 
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The  characters  which  appear  to  tend  toward  Microdipodops  are 
not  concentrated  in  one  form,  or  in  any  one  group,  but  are  scattered 
indiscriminantly  throughout  the  genus.  This  reduces  the  probability 
of  Perognathus  being  ancestral  to  Microdipodops , as,  if  it  were,  it  would 
be  expected  that  the  forms  which  were  nearest  the  kangaroo  mouse 
would  have  a larger  number  of  characters  in  common  with  it  than 
would  those  more  distantly  related.  The  actual  distribution  of  com- 
mon characters  suggests  that  the  genus  Perognathus  as  a whole  is 
evolving  in  such  a manner  as  to  parallel  the  saltatorial  forms,  some 
species  developing  one  mutation  identical  to  one  in  Microdipodops , 
and  others  another.  This  in  itself  argues  close  relationship  between 
the  two  genera  (Table  I). 

Perognathus  is  widely  distributed  throughout  the  more  arid  por- 
tions of  temperate  North  America,  extending  from  British  Columbia 
to  southern  Mexico  (see  map,  fig.  155).  It  frequents  many  varieties 
of  environment,  from  lava  fields  to  sand  banks.  All  species  are 
apparently  primarily  scamperers,  but  show  an  incipient  progress  to- 
ward saltation,  as  shown  by  their  revised  intermembral  indices,  rang- 
ing, in  the  specimens  measured,  from  47.7  to  52.5,  with  an  average 
of  50.1  (see  Table  V).  This  conclusion  is  the  same  as  that  reached  by 
Hatt  (1932,  p.  627),  who  says  that  Perognathus  shows  strong  bipedal 
potentialities,  but  that  it  rarely,  if  ever,  ricochets. 

Perognathus  furlongi  Gazin,  1930 

Fig.  27;  Gazin,  1930,  PI.  3,  figs.  5,  5a,  and  6. 

Holotype:  C.  I.  T.  Coll.  V.  P.  No.  35,  from  the  Upper  Miocene 
Upper  Cuyama  Beds  of  Ventura  County,  California. 

Diagnosis:  Dorsal  surface  of  muzzle  broad  with  naso-frontal  suture 
anterior  to  fronto-premaxillary  suture;  palate  broad;  diastema  long; 
tooth  row  convex  outward;  teeth  fairly  low-crowned,  characteristically 
Perognathine. 

This  species  is  a primitive  species  of  Perognathus , differing  from  the 
later  members  of  the  genus,  to  which  it  could  easily  be  ancestral,  in 
the  entire  absence  of  any  of  the  aberrant  tooth  specializations  discussed 
above,  and  in  the  relatively  low  crowns  of  the  cheek  teeth  (fig.  27). 

The  species  differs  from  Cupidinimus  in  the  absence  of  any  tendency 
for  the  protoloph  of  P4  to  unite  with  the  metacone.  It  differs  from 
Perognathoides  in  the  absence  of  additional  cusps  in  the  protoloph  of 
P4.  Whether  the  incisors  were  grooved  or  not  can  not  be  told  from 
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Fig.  27.  Perognathus  furlongi,  Gazin,  C.  I.  T.  no.  35,  LP4 — M3,  X 10.  after  Gazin, 
1930. 

Gazin’s  figures,  but  he  has  informed  me  that  they  are  grooved.  There 
was  no  indication  of  the  connection  between  the  protoloph  and 
entostyle  of  P4,  which  was  already  well  developed  in  the  slightly  earlier 
Peridiomys  oregonensis. 

Thus  there  appears  to  be  no  evidence  pointing  toward  the  alloca- 
tion of  this  species  to  any  genus  other  than  Perognathus , and  con- 
siderable evidence,  in  the  great  similarity  of  tooth  structure,  indicat- 
ing the  correctness  of  such  a determination.  This  unanimity  of 
evidence  is  quite  gratifying. 

The  relationships  of  this  species  to  the  later  members  of  the  genus 
are  not  certain  at  present,  being  separated  from  them  by  too  long  a 
time  interval.  It  seems  possible,  however,  that  P . furlongi  is  ancestral 
to  some  or  all  of  the  later  species.  There  is,  at  least,  nothing  in  its 
known  anatomy  to  prevent  such  an  ancestral  position,  and  it  is  so 
indicated  on  the  chart  (fig.  1).  It  is  unfortunate  that  the  auditory 
region  is  absent  in  this  specimen.  There  is  a slight  advance  represented 
in  the  teeth  over  Mookomys  altifluminis , but  the  gap  is  slight,  and 
the  species  could  almost  equally  readily  be  referred  to  that  genus. 


P.  coquorum  n.  sp.  (Figs.  28-29.) 

Holotype:  H.  J.  C.  No.  702,  collected  by  Mr.  H.  J.  Cook,  Pliohippus 
Draw,  Upper  Snake  Creek  Beds,  Pliocene  of  Sioux  County,  Nebraska. 

Diagnosis:  Size  very  large;  cusps  of  protolophid  of  P4  unusually 
distinct;  teeth  low-crowned. 

P4  is  larger  in  comparison  with  Mi  than  in  P.  hispidus  paradoxus. 
The  protoconid  and  mesoconid  unite  less  with  each  other  than  in  the 
recent  form,  and  more  with  the  metalophid,  the  valley  between  the 
two  anterior  cusps  being  unusually  well  developed  (fig.  28).  These 
are  primitive  characters,  as  would  be  expected  in  the  early  members 
of  the  genus.  In  Mi,  the  hypoconid  projects  well  forward  into  the 
median  valley,  which  is  the  initial  step  in  the  development  of  the 
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Fig.  28.  Perognathns  coquorum,  H.  J.  C.  no.  702,  RP4 — Mi,  X 10. 
Fig.  29.  Perognathus  coquorum,  H.  J.  C.  no.  702,  RP4 — Mi,  X 10. 


H-pattern  (fig.  14).  The  diastema  is  long,  25%  longer  than  that  in 
P.  h.  paradoxus , the  largest  (fide  Osgood,  1900)  of  the  modern  species 
of  the  genus. 

The  large  size,  relatively  low  crowns,  and  the  primitive  character 
of  P4  are  the  most  important  known  characters  of  this  species.  If 
the  size  is  of  great  phylogenetic  significance,  it  would  rule  this  species 
out  from  possible  ancestry  to  the  later  and  smaller  species  of  Pero- 
gnathus. But  as  I consider  size  of  relatively  minor  importance,  and  as 
this  species  otherwise  appears  to  be  primitive,  and  as  it  is  probable 
on  other  grounds  that  the  smallest  living  species,  at  least,  of  Pero- 
gnathus are  reduced  in  size,  I have  not  hesitated  to  place  this  species 
in  an  ancestral  position  on  the  chart  (fig.  1). 

I take  great  pleasure  in  naming  this  species  after  the  whole  family 
of  Cooks,  in  grateful  appreciation  of  the  kind  hospitality  they  have 
always  shown  me  on  my  visits  to  Agate,  and  as  a partial  recognition 
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of  the  debt  owed  to  them  by  vertebrate  paleontology  in  general  and 
by  me  in  particular. 

Perognathus  sp.  indet. 

A.  M.  N.  H.  No.  27791,  collected  by  J.  W.  Gidley,  in  1924,  from  the 
Upper  Pliocene  Curtis  formation,  near  Benson,  Arizona. 

As  none  of  the  cheek  teeth  are  preserved  in  this  specimen,  and  the 
alveoli  for  the  last  two  molars  are  poorly  preserved,  very  little  can  be 
told  of  its  affinities.  It  is  a heteromyid,  whose  small  size  appears  to 
warrant  its  inclusion  in  Perognathus  or  some  similar  genus,  and  its 
late  horizon  increases  the  probability  of  its  reference  to  Perognathus 
being  correct  (Table  II).  It  is  perhaps  related  to  P.  parvus  or  some 
of  the  other  small  recent  species.  If  it  is  descended  from  any  known 
Miocene  or  Pliocene  form,  it  represents  a case  of  evolutionary  modifi- 
cation with  reduction  of  size,  and  thus,  presumably,  would  count  as 
a case  of  reversed  evolution. 

Specimens  of  Perognathus  are  known  from  the  Pleistocene  of  Rancho 
La  Brea,  which  Dice  (1925)  refers  to  P.  calif ornicus  calif ornicus,  and 
which  he  says  show  no  difference  from  living  members  of  the  same 
subspecies. 

Heteromyids  occur  in,  but  have  not  as  yet  been  described  from,  the 
Pleistocene  of  Nebraska. 

Microdipodops  Merriam,  1891 

Figs.  30-33;  Howell,  1932,  figs.  2-1 -M,  and  23-M. 

Genotype:  M.  megacephalus  Merriam,  1891,  from  Nevada. 

Diagnosis:  Skull  more  highly  inflated  than  in  any  other  heteromyid; 
anterior  lip  of  auditory  meatus  expanded  until  it  passes  ahead  of  the 
glenoid;  lateral  borders  of  parietals  excavated  to  receive  squamosals; 
P4  sextitubercular  or  pentatubercular  with  X-pattern,  the  additional 
cusps  being  derived  from  an  external  cingulum;  H-pattern  well  de- 
veloped in  lower  molars;  Mf  much  reduced;  upper  molars  form 
enamel  lakes  by  surrounding  median  valley,  as  in  Liomys;  P4  as  in 
Perognathus;  cheek  teeth  extremely  high  crowned,  but  apparently  not 
ever-growing;  zygomatic  process  of  maxilla  not  expanded  as  in 
Dipodomys;  bullae  reach  below  level  of  grinding  surface  of  cheek 
teeth;  enamel  complete  on  all  cheek  teeth;  no  median  ventral  foramina 
in  caudal  vertebrae;  tail  not  tufted;  locomotion  highly  ricochetal. 

Range:  Recent  of  Nevada,  California  and  Oregon  (see  map,  fig.  155). 

This  genus  combines  the  characters  of  diverse  groups  of  heteromyids 
in  a most  remarkable  manner.  Many  of  the  resemblances  to  Dipo- 


TABLE  I.  COMPARISON  OF  MICRODIPODOPS  WITH  CERTAIN 
HETEROMYIDAE  AND  DIPODIDAE. 


The  Dipodid  is  included  to  give  an  indication  of  which  features  are  ricochetal 
habitus  characters,  as  there  is  no  relationship  between  the  Heteromyidae  and 
Dipodidae,  but  similar  body-forms. 


M ICRODIPODOPS 

Pero- 

gna- 

thus 

Dipo- 

domys 

Het- 

ero- 

mys 

Lio- 

mys 

Jacu- 

lus 

Locomotion  richochetal 

X 

X 

H-pattern  in  lower  molars 

X 

X 

X-pattern  in  lower  premolar 

X 

X 

M§  reduced  in  size 

X 

X 

Protoloph  of  P4  unites  between  hypocone  and 

metacone 

X 

Protoloph  of  P4  one  cusp 

X 

? 

Upper  molars  surround  central  lakes . . 

X 

X 

Playa  lake  in  metaloph  of  P4 

X 

X 

Cheek  teeth  hypsodont 

X 

X 

Pattern  not  elongated  with  crown 

X 

Teeth  rooted 

X 

X 

X 

X 

Upper  incisors  grooved 

X 

X 

X 

Bases  of  upper  molars  not  in  orbit 

X 

X 

X 

X 

Zygomatic  process  of  Mx.  unexpanded 

X 

X 

X 

End  of  palate  behind  M3 

X 

X 

X 

X 

Pits  in  basioccipital 

X 

X 

X 

One  pair  of  pterygoid  fossae 

X 

X 

X 

Masseter  separated  from  IOF  by  crest 

Orbit  not  overhung  by  frontal 

X 

X 

X 

X 

Ethmoid  foramen  present 

X 

X 

X 

Incipient  post-orbital  process. 

X 

Distinct  temporal  fossa 

X 

X 

X 

Alisphenoid  canal  antero-dorsad 

X 

Bulla  extends  anterad  of  glenoid 

Three-chambered  bulla 

x 

X 

X 

Squamosal  perforated  by  bulla 

X 

Lacrymal  not  expanded,  free  of  Mx 

X 

X 

X 

Parietal  between  squamosal  and  mastoid .... 

X 

X 

Interparietal  often  paired 

X 

Paroccipital  process  latero-caudad 

X 

X 

Masseteric  crest  steep,  with  knob 

X 

X 

Knob  for  pulp  cavity  at  lower  edge  of  as- 

cending ramus 

X 

No  pit  by  M3,  foramen  on  condyloid 

X 

X 

X 

Cervical  vertebrae  fused  in  part 

X 

X 

No  median  ventral  foramen  in  caudals 

X 

Notch  in  transverse  process  of  caudals  gently 

curved  

X 

Tail  not  tufted 

X 

X 

Scapula  prolonged  posteriorly 

X 

End  of  acromion  expanded 

X 

X 

X 

Short  supinator  crest 

X 

X 

Deltoid  crest  ends  steeply 

X 

X 

Articulation  of  trapezium  and  scapholunar . . . 

X 

X 

Manus  long  and  slender 

Gluteal  fossa  larger  than  iliac 

X 

X 

X 

Triangular  obturator  foramen 

X 

Process  of  pubis  at  front  of  obturator  fora- 

men 

X 

Symphysis  pubis  very  short 

X 

Cnemial  crest  ends  at  gentle  slope 

X 

X 

X 

External  and  internal  malleoli  reach  same 

level 

X 

X 

X 

Astragalo-cuboid  contact 

X 

X 

X 

Hour-glass-shaped  ectocuneiform 

X 

X 

Metatarsal  IV  the  longest 

X 

X 
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domys  (Table  I)  are  obviously  correlated  with  its  ricochetal  habitus, 
and  are  not  necessarily  significant  of  close  relationships.  The  foot 
structure  seems  indicative  of  relationships  with  Perognathus,  on  the 
basis  of  the  astragalo-cuboid  contact  and  the  hour-glass-shaped 
ectocuneiform.  There  are  several  characters  which  seem  to  indicate 
Heteromyine  affinities,  as  well  as  some  which  are  distinctive.  But 
the  largest  number  of  significant  resemblances  appear  to  be  to  Pero- 
gnathus. Of  the  characters  allying  Microdipodops  with  Dipodomys, 
all  but  two  (the  transverse  processes  of  the  caudal  vertebrae  and  the 
process  of  the  pubis  at  the  anterior  end  of  the  obturator  foramen) 
are  either  obviously  habitus  characters,  or  else  are  shared  with  Pero- 
gnathus, too.  If  this  genus  is  not  a Perognathine,  it  may  represent  an 
independent  line,  to  be  defined  as  a fourth  subfamily,  or  it  may  be  an 
aberrant  Heteromyine.  For  the  present,  it  seems  best  to  include  it 
among  the  Perognathinae  (fig.  i). 

The  cheek  teeth  are  very  high  crowned,  the  roots  not  developing 
until  the  crown  has  reached  a height  two  or  three  times  that  in  Pero- 
gnathus. As  I did  not  have  an  opportunity  to  study  a large  series  of 
specimens,  the  individuals  in  which  roots  were  seen  in  an  early  stage  of 
development  may  be  aberrant.  Merriam  (1891)  states  that  the 
teeth  are  rootless.  The  fact  that  he  studied  M.  megacephalus  and  that 
included  in  the  present  paper  is  from  California,  presumably  M. 
calif ornicus,  may  account  for  the  difference.  It  does  not  seem  likely 
that  roots  are  present  in  the  young,  and  absent  in  the  adult,  animals. 
The  roots,  if  regularly  present,  are  certainly  greatly  reduced  in  size. 

The  protoloph  of  P4  appears  unicuspidate.  Apparently  it  unites 
with  the  metaloph  in  the  space  between  the  metacone  and  hypocone, 
being  thus  very  suggestive  of  P4  of  Perognathus  ftavus  (fig.  13),  and 
representing  a parallel  method  of  development  to  that  shown  in  P4 
of  Dipodomys.  The  tooth  retains  its  two-lophed  character  for  a long 
time,  perhaps  throughout  life.  The  metaloph  of  P4  is  the  widest  part 
of  the  upper  series  (fig.  30).  In  entirely  unworn  teeth,  there  is  a cingu- 
lum on  the  posterior  side  of  the  tooth,  with  an  incipient  cuspule, 
behind  the  hypocone,  from  which  a playa  lake  might  develop  on  wear, 
although  it  is  not  certain  that  one  would  be  formed. 

In  M1-2  the  lophs  unite  first  at  the  lingual  side,  and  apparently  make 
their  next  point  of  union  at  the  buccal  margin  (fig.  30).  The  central 
lake  of  enamel  so  developed  would  be  short-lived,  though  not  as 
transient  as  the  lake  on  the  premolar.  No  specimens  with  this  lake 
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Fig.  30.  Microdipodops  calif ornicus,  U.  Cal.  no.  48660,  LP4 — M3,  X 10. 

Fig.  31.  M.  calif  ornicus , U.  Cal.  no.  48660,  RP4 — M3,  X 10. 

Fig.  32.  M.  californicus,  U.  Cal.  no.  38670,  LdP4,  X 10. 

Fig.  33.  M.  californicus,  U.  Cal.  no.  38670,  RdP4,  X 10. 

were  seen,  but  from  the  unworn  teeth  it  appears  certain  that  such 

would  develop.  This  is  an  important  resemblance  to  Liomys  and 
Heteromys.  The  very  short  life  of  these  lakes  is  due  to  the  extreme 
shortening  of  the  occlusal  part  of  the  crown,  while  the  alveolar  part, 
beyond  the  limits  of  the  valleys,  becomes  greatly  elongate.  In  this 
respect,  Microdipodops  strongly  suggests  Dipodomys,  and  equally 
markedly  differs  from  Liomys  and  Heteromys , in  which  the  whole 
crown  is  elongated  at  an  equal  rate.  M3  is  much  reduced,  making  it 
difficult  to  determine  the  elements  of  the  pattern  even  in  an  entirely 
unworn  tooth,  but  careful  study  reveals  six  cusps,  the  usual  three  in 
the  protoloph,  and  an  entostyle,  metacone  and  a sixth  buccad  of  the 
metacone,  similar  to  the  cusp  in  this  position  in  Perognathus  parvus , 
except  that  it  is  extremely  large. 

P4  and  M3  are  proportionately  larger  than  in  Perognathus , though 
smaller  than  the  first  two  molars  (fig.  31).  P4  is  six  cusped  in  some 
specimens  and  five  cusped  in  others,  the  difference  being  in  the  presence 
or  absence  of  a buccal  cusp  of  the  protolophid,  which  apparently  is 
derived,  when  present,  from  an  external  cingulum.  If  this  inter- 
pretation is  correct,  the  buccal  cusp  of  the  metalophid  is  probably  also 
of  cingular  origin,  and  the  union  of  the  two  lophs  would  very  defi- 
nitely be  between  the  mesoconid  and  hypoconid,  differing  from  the 
normal  X-pattern  of  Perognathus , but  suggestive  of  the  modified 
pattern  in  P.  nelsoni  (figs.  16-17).  In  P4,  the  mesostylid,  when  pres- 
ent, is  antero-external  to  the  mesoconid.  Mi_3  have  well-developed 
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H-patterns,  suggesting  Dipodomys.  In  M3  there  is  a strong  cingulum 
covering  the  whole  anterior  face  of  the  tooth,  and  the  three-cusped 
hypolophid  is  reduced,  though  not  to  the  degree  to  which  it  has  been 
in  Dipodomys.  The  protostylids  of  Mi_2  send  cingula  along  the  anterior 
face  of  the  protoconids.  This  again  is  a similarity  to  the  conditions 
found  among  the  Heteromyinae.  The  cingula  of  the  lower  molars, 
together  with  the  other  Heteromyine  features  mentioned,  suggest 
that  Microdipodops  belongs  to  that  subfamily,  but  the  reduction  of  the 
pattern-bearing  portion  of  the  tooth  has  proceeded  to  such  a stage 
as  to  conceal  and  largely  to  obliterate  the  proofs  of  the  real  relation- 
ships. The  similarities  to  the  Heteromyinae  are  more  probably, 
however,  merely  another  case  of  the  parallelism  so  abundant  among 
rodents  in  general  and  heteromyids  in  particular. 

The  upper  milk  molar  (fig.  32)  is  close  to  the  corresponding  tooth  of 
Perognathus  penicillatus  pricei , consisting  of  three  crests,  although  the 
buccal  cuspule  of  the  metaloph  is  not  as  well  developed  as  in  the  latter 
species.  The  rest  of  the  loph  is  clearly  three  cusped,  the  lingual  cusp 
being  obviously  of  cingular  origin.  The  protoloph  is  two  cusped,  the 
buccal  cone  appearing  to  be  a protostyle.  The  most  anterior  crest  is 
subdivided  into  two  cusps,  the  lingual  one  developing  as  a spur  from  a 
discontinuous  internal  cingulum. 

The  lower  deciduous  premolar  (fig.  33)  shows  greater  advance  over 
that  of  Perognathus  than  does  the  upper.  The  metalophid  is  three 
cusped,  with  a broad  posterior  cingulum.  In  some  specimens,  a cusp 
seems  to  have  been  formed  from  the  middle  of  this  cingulum.  The 
protolophid  is  likewise  three  cusped,  the  mesostylid  being  fairly  small. 
The  four  primary  cusps  unite  in  an  X-pattern.  The  anteroconid  of 
dP4  of  Perognathus  appears  to  have  moved  forward.  As  it  moved,  the 
crest  by  which  it  was  united  with  the  primary  cusps  was  carried  with  it, 
forming  a ridge  from  the  protolophid  to  the  anterior  edge  of  the  tooth. 
As  the  cusp  moved  forward,  the  cingulum  to  which  it  was  united,  and 
from  which  it  may  have  arisen,  moved  with  it,  retaining  its  connec- 
tions at  both  ends  with  the  protolophid.  At  the  same  time,  two 
cusps  arose  from  the  buccal  part  of  the  cingulum,  forcing  the  already- 
existing  stylid  to  the  lingual  margin  of  the  crown.  This  process  is 
superficially  the  same  as  that  by  which  the  corresponding  teeth  were 
developed  in  Dipodomys  and  Heteromys,  but  appears  to  have  followed 
a slightly  different  method  of  development. 

In  Perognathus , the  upper  deciduous  premolar  showed  considerable 
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progressive  specialization,  but  the  lower  one  appeared  to  have  re- 
mained in  a fairly  primitive  condition.  In  Microdipodops,  the  upper 
remained  essentially  as  in  Perognathus,  but  the  lower  has  advanced 
considerably,  bringing  the  patterns  in  both  teeth  into  line  with  those 
found  in  the  other  subfamilies. 

The  grooving  of  the  incisors  in  Microdipodops  is  as  in  Perognathus, 
Dipodomys,  and  other  genera.  In  all  specimens  of  Microdipodops 
studied,  the  enamel  of  the  incisors  was  very  pale  yellow.  The  same 
feature  was  found  in  young  specimens  of  Perognathus  and  Dipodomys, 
and  probably  merely  represents  a juvenile  character. 

The  most  striking  feature  of  the  skull  of  Microdipodops  is  the 
tremendous  inflation  of  the  bullae,  surpassing  even  that  which  occurs 
in  Dipodomys  deserti  (Howell,  1932,  figs.  21,  23).  The  inflation  has 
affected  both  skulls  in  much  the  same  manner,  that  is,  it  results  in  the 
crowding  of  the  parietals,  interparietal  and  occipitals.  In  Micro- 
dipodops, as  in  D.  deserti,  the  bullae  meet  above  the  interparietal,  as 
well  as  below  the  basisphenoid.  The  bulla  in  Microdipodops  has  an 
additional  lobe,  formed  by  the  swelling  of  the  anterior  lip  of  the 
external  auditory  meatus,  which  reaches  forward,  in  this  genus,  until 
it  extends  nearly  half  the  length  of  the  zygoma,  and  passes  the  fronto- 
parietal suture. 

The  nasals  are  produced  far  in  front  of  the  incisors.  There  is  a 
well  marked,  though  slight,  crest  separating  the  fossa  for  the  masseter 
from  the  infraorbital  foramen,  as  well  marked,  however,  as  in  the 
smaller  genera  of  sciurids.  As  in  Perognathus,  the  lacrymal  is  separate 
from  the  maxillary,  and  is  unexpanded.  This  is  chiefly  due  to  the 
lack  of  expansion  of  the  zygomatic  process  of  the  maxillary,  which, 
in  Dipodomys,  reaches  to  and  unites  with  the  lacrymal.  The  squa- 
mosal is  carried  up  onto  the  dorsum  of  the  skull,  forming  a deep  notch 
in  the  parietal.  This  notch  is  the  temporal  fossa,  the  temporalis  ap- 
parently having  migrated  and  carried  the  squamosal  with  it.  This  is 
suggestive  of  Heteromys,  where  the  temporal  fossa  likewise  is  con- 
siderably expanded,  and  has  carried  the  squamosal  with  it.  The 
parietal  does  not  reach  this  fossa  for  the  temporalis.  Just  anterior  to 
the  notch  is  a small  process,  formed  of  the  frontal  and  squamosal, 
which  suggests  an  incipient  post-orbital  process,  and  is  of  interest  as 
indicating  a method  by  which  the  post-orbital  process  of  the  Sciuridae 
may  have  originated.  An  arm  of  the  parietal  extends  for  some  dis- 
tance along  the  rear  of  the  orbit-temporal  fossa,  separating  the  squa- 
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mosal  and  mastoid  for  about  half  the  length  of  the  former.  On  the 
rear  wall  of  the  temporal  fossa  is  a perforation,  allowing  the  bulla  to 
show  through  into  the  fossa- — a condition  sometimes  met  with  in 
Dipodomys , but  apparently  always  present  in  Microdipodops.  The 
anterior  end  of  the  alisphenoid  canal  is  higher  than  in  either  Dipo- 
domys or  Heteromys,  giving  the  canal  a dorsal  inclination,  as  in  Pero- 
gnathus.  It  further  differs  from  Dipodomys  in  that  its  anterior  end  is 
in  the  center  of  the  alisphenoid,  not  at  the  anterior  edge.  The  malar 
is  less  reduced  than  in  Dipodomys.  A slender  bar  from  the  dorsal 
margin  of  the  alisphenoid  makes  a contact  with  the  bulla  — a con- 
dition not  seen  in  any  other  genus,  though  approached  in  Perognathus 
parvus.  The  basioccipital  resembles  that  of  Heteromys  more  nearly 
than  any  other  form  in  the  deep  pits  on  its  ventral  surface  for  the 
longus  capitis  muscle.  The  basioccipital  does  not  decrease  uniformly 
in  diameter  from  rear  to  front,  but  makes  a temporary  halt  at  about 
its  center. 

The  two  bullae  meet  ventrad  of  the  basisphenoid,  and  do  not 
squeeze  it  between  them,  as  is  the  case  in  Dipodomys , and,  to  a lesser 
degree,  in  Perognathus.  In  Dipodomys,  the  basisphenoid  is  reduced 
to  a thin  thread.  The  pterygoids  are  nearest  in  shape  to  those  of 
Perognathus.  A foramen  is  present  near  the  dorsal  margin  of  the 
orbit,  apparently  the  ethmoid,  as  in  Perognathus,  Liomys  and  Heter- 
omys, which  is  not  found  in  Dipodomys.  The  pterygoid  fossae  re- 
semble those  of  Perognathus  in  the  uninterrupted  nature  of  their 
continuation  into  the  endocranial  regions.  In  this  they  are  widely 
removed  from  Heteromys,  in  which  the  dorsal  side  of  the  fossae  is  not 
perforated  at  all.  The  paroccipital  processes  extend  caudad  and 
iaterad  but  not  ventrad,  thus  resembling  Heteromys  and  differing  from 
Dipodomys  and  Perognathus.  In  Perognathus  and  Microdipodops, 
there  are  only  one  prominent  pair  of  pterygoid  fossae,  the  anterior 
pair  of  other  forms  being  almost  invisible.  In  Dipodomys,  the  anterior 
pair  are  of  medium  size,  and  in  Heteromys,  they  are  as  large  as  the  pos- 
terior one.  The  skull  index  (see  above,  p.  97,  footnote)  is  68.8. 

In  the  mandible,  the  masseteric  crest  ends  anteriorly  much  more 
vertically  than  does  that  of  Perognathus,  and  has  a large  knob  at  the 
anterior  end,  just  below  P4,  some  distance  from  the  mental  foramen. 
A foramen  is  present  at  the  base  of  the  coronoid  process  as  in  Dipo- 
domys, though  not  as  far  forward  as  in  that  genus,  nor  is  it  in  a pit. 
The  foramen  is  below  the  junction  of  the  coronoid  and  condyloid 
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processes,  and  not  posterior  to  the  junction,  as  in  Perognathus  and 
Heteromys.  The  foramen,  however,  is  no  closer  to  its  position  in 
Dipodomys  than  to  that  in  Perognathus.  The  general  size  and  shape 
of  the  angle  seems  to  be  closest  to  that  of  Liomys  and  Perognathus. 
The  knob  marking  the  pulp  cavity  of  the  incisor  is  at  the  lower  edge 
of  the  ascending  ramus,  instead  of  at  its  center,  or  upper  side,  as  in  the 
other  genera.  The  small  size  of  the  knob  is  a closer  approach  to 
Heteromys  than  to  any  of  the  other  genera,  although  the  small  size  in 
Microdipodops  may  be  due  to  the  fact  that  all  the  specimens  studied 
were  immature  animals.  One  of  them,  however,  appears  to  be  nearly 
adult,  and  is  the  only  specimen  in  which  any  trace  at  all  of  the  knobs 
could  be  discovered.  The  jaw  is  very  small  and  slender,  and  the 
symphysis  short. 

The  vertebrae  have  been  carefully  studied  by  Hatt  (1932),  and  very 
little  can  be  added  to  his  work.  In  the  caudals,  there  seems  to  be  no 
median  ventral  foramen,  thus  resembling  Perognathus.  The  trans- 
verse processes  of  the  caudals  are  deeply  notched  in  the  center  by  a 
wide  U-valley,  as  in  Dipodomys  and  Diprionomys,  instead  of  being 
cut  by  a sharp  V-valley  as  in  Perognathus. 

The  posterior  prolongation  of  the  scapula  is  very  suggestive  of  that 
of  Dipodomys.  The  metacromion  is  very  small,  but  nevertheless 
larger  than  in  either  Perognathus  or  Dipodomys.  The  free  end  of  the 
acromion  is  not  expanded  as  it  is  in  Perognathus  and  Dipodomys , in 
which  it  approaches  Heteromys. 

The  humerus  is  much  like  that  of  Dipodomys.  The  supinator  crest 
is  shorter  in  Microdipodops  than  in  Dipodomys , and  shorter  in  the 
latter  than  in  any  other  members  of  the  family.  The  greatly  enlarged 
deltoid  process  has  reached  one  stage  beyond  that  found  in  Dipodomys , 
ending  in  a strong  expansion,  and  with  a distal  slope  at  90°  to  the 
shaft  of  the  humerus.  The  entepicondyle  is  shorter  than  in  Perogna- 
thus, larger  than  in  Heteromys , and  essentially  as  in  Dipodomys.  It 
is  nearly  as  long  in  Heteromys  as  in  Microdipodops , but  not  so  wide. 
The  sharp  proximal  end  of  the  supinator  crest  distinguishes  it  from 
any  other  genus.  The  shaft  of  the  humerus  is  definitely  a larger 
part  of  the  bone  in  Heteromys  than  in  any  other  genus. 

The  carpus  is  nearly  the  same  in  all  forms  studied.  The  centrale  of 
Microdipodops  is  proportionately  much  smaller  than  in  any  other 
heteromyid  (fig.  152).  The  trapezoid  articulates  with  the  scapholunar 
as  in  Dipodomys , differing  from  Perognathus  and  Cupidinimus,  in 
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which  there  is  no  such  articulation.  The  manus  is  long  and  slender 
in  Microdipodops,  differing  in  this  from  all  other  genera.  The  claws, 
though  slender,  are  extremely  long  and  powerful. 

The  obturator  foramen  is  much  wider  dorso-ventrally  in  Perogna- 
thus than  in  any  of  the  other  genera,  and  more  nearly  round.  In 
Microdipodops,  it  is  subtriangular,  and  much  compressed  dorso- 
ventrally.  Dipodomys  and  Heteromys  are  intermediate,  the  former 
being  the  nearer  to  Microdipodops.  The  symphysis  is  shorter  than  in 
any  other  form,  Heteromys  being  the  nearest  approach.  Correlated 
with  the  dorso-ventral  compression  of  the  obturator  foramen,  the 
pubis  becomes  more  nearly  parallel  with  the  ischium  than  in  any 
other  member  of  the  family.  There  is  a slight  posterior  projection  of 
the  ischium,  as  in  Dipodomys.  As  in  this  last  form,  there  is  a small 
process  of  the  pubis  near  the  anterior  end  of  the  obturator  foramen  to 
which  a ligament  is  attached,  separating  a small  anterior  section  of 
the  foramen  from  a large  posterior  one.  The  gluteal  fossa  of  the 
ilium  is  much  larger  than  the  iliac,  as  in  Heteromys  and  Perognathus. 

The  shaft  of  the  femur  is  straighter  than  in  Perognathus  and  Dipo- 
domys, and  almost  as  straight  as  in  Heteromys , being  essentially  like 
that  of  Cupidinimus  (fig.  61). 

The  fusion  of  the  tibia  and  fibula  has  proceeded  further  than  in 
any  other  heteromyid,  the  fused  portion  being  59.4%  of  the  length 
of  the  whole  (see  Table  V).  The  cnemial  crest  ends  gently  instead  of 
at  a sharp  angle  as  in  Dipodomys.  In  this  respect,  it  is  closest  to 
Perognathus,  though  not  dissimilar  to  Heteromys.  The  groove  separat- 
ing the  fibular  and  tibial  parts  of  the  bone  at  the  distal  end  of  the 
anterior  surface  is  long  and  undercut,  as  in  Heteromys  and  Perognathus. 
In  Perognathus,  the  external  malleolus  extends  distad  of  the  internal; 
in  Dipodomys,  it  extends  very  slightly  distad;  in  Microdipodops,  they 
are  almost  the  same  length;  and  in  Heteromys  they  appear  equal.  The 
postero-median  process  of  the  tibia  is  short  and  curved  as  in  Perogna- 
thus, Dipodomys  and  Diprionomys.  The  fossa  is  rather  elongate,  being 
intermediate  between  the  conditions  found  in  Diprionomys  and 
Heteromys  on  the  one  hand,  and  those  of  Perognathus  and  Dipodomys 
on  the  other. 

The  tarsus  is  much  like  that  of  Perognathus,  and  constitutes  one  of 
the  strongest  arguments  for  its  inclusion  among  the  Perognathinae 
(see  fig.  153).  The  cuboid-astragalar  contact  is  well  shown,  the 
cuboid,  as  usual  among  the  heteromyids,  sending  a long  process  be- 
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tween  the  navicular  and  calcaneum.  A broad  naviculo-calcaneal 
contact  is  developed  in  Dipodomys.  The  fact  that  it  is  also  clearly 
shown  in  Alactaga  and  Scirtopoda,  two  of  the  jerboas  (Howell,  fig.  28, 
p.  529),  would  suggest  that  it  is  correlated  with  the  ricochetal  habitus, 
except  for  its  entire  absence  in  Microdipodops.  The  ectocuneiform  has 
the  hour-glass  shape  of  that  of  Perognathus  and  Dipodomys , differing 
clearly  from  the  parallel-sided  bone  of  Heteromys.  As  in  most  genera, 
the  mesocuneiform  is  much  smaller  than  the  ectocuneiform.  Meta- 
tarsal IV  is  longer  than  III,  a character  elsewhere  noted  only  in 
Heteromys  and  Liomys.  The  whole  pes  is  long  and  slender.  The 
distal  ends  of  digits  II-IV  converge  as  in  all  truly  ricochetal  forms. 

The  revised  intermembral  index4  is  41.8  (see  Table  V).  The  tibio- 
fibula  is  extremely  elongated,  being  about  half  as  long  again  as  is  the 
femur. 

Of  all  the  forms  studied,  the  nearest  structural  approach  to  Micro- 
dipodops is  found  in  Perognathus  parvus.  It  is  possible  that  the  kanga- 
roo mice  are  descended  from  Miocene  members  of  the  genus  Perogna- 
thus, but  there  is  no  direct  evidence,  and  the  results  of  these  studies 
on  the  Heteromyidae  have  given  me  such  a feeling  of  respect  for  the 
abilities  of  these  rodents  in  imitating  the  developments  of  their 
relatives  that  I have  considered  it  best  to  indicate  this  genus  as  a 
separate  derivative  of  the  Oligocene  heteromyid  stock,  close  to  Pero- 
gnathus, but  with  the  intermediate  stages  unknown  (fig.  1).  If 
Microdipodops  should  be  more  closely  related  to  Perognathus  than 
is  here  considered  to  be  the  case,  there  seems  to  be  little  doubt  that  it  is 
nearer  P.  parvus  than  to  any  other  species  which  has  been  included  in 
this  study.  It  may,  however,  prove  to  be  a highly  modified  Hetero- 
myine. 

Microdipodops  occurs  in  portions  of  Nevada  and  adjacent  areas  of 
California  and  Oregon,  which,  in  itself,  suggests  affinities  with  the 
Perognathinae  rather  than  with  the  Heteromyinae,  since  the  latter 
are  at  present  entirely  limited  (other  than  Microdipodops ) to  Central 
and  South  America,  (see  maps,  figs.  155,  157).  Microdipodops  ap- 
pears to  be  much  more  restricted  in  its  range  than  are  the  other  mem- 
bers of  the  family,  being  found  only  in  areas  of  vegetated  fine  sand 
(Hatt,  1932,  p.  624;  Hall  and  Linsdale,  1929,  p.  299).  There  is 
probably  some  significance,  from  the  phylogenetic  view-point,  in  the 


4See  Note  3,  page  103. 
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restriction  of  the  genus  to  the  single  type  of  habitat,  and  in  the  limited 
number  of  species  referable  to  the  genus.  Does  the  limited  distribution 
mean  that  the  genus  is  just  beginning  its  development,  and  has  not 
spread  far?  Or  does  it  mean  that  the  form  is  on  the  down-grade,  and 
has  become  limited  to  this  one  type  of  environment?  Are  there  few 
species  because  the  environment  is  restricted,  or  is  the  environment 
restricted  because  there  are  but  few  species?  (For  a consideration  of 
some  aspects  of  these  problems,  see  Willis,  1922). 


Subfamily  Dipodomyinae  Coues  1875  (1875&) 

Premolars  and  molars  as  in  Perognathinae,  except  that  H-pattern 
is  always  present;  cheek  teeth  progressively  hypsodont,  in  Dipodomys 
becoming  evergrowing;  enamel  progressively  interrupted,  eventually 
reduced  to  anterior  and  posterior  plates;  Mf  reduced  in  size;  increase 
in  height  of  crown  does  not  affect  the  pattern,  which  is  rapidly  de- 
stroyed, leaving  only  an  enamel  oval;  P4  never  more  than  five-cusped, 
the  fifth  appearing  in  the  center  of  the  metalophid;  upper  incisor 
smooth  or  grooved,  the  groove  being  deep  when  present;  progressive 
expansion  of  the  bullae  and  increase  in  richochetal  ability;  bullae 
rarely  reach  level  of  grinding  surface  of  cheek  teeth,  and  never  ex- 
tend appreciably  below  it;  no  ethmoid  foramen  in  frontal;  zygomatic 
root  of  maxillary  progressively  expanded  antero-posteriorly ; center  of 
palate  between  premolars  ridged;  pterygoid  fossae  double;  caudal 
vertebrae  have  median  ventral  foramina;  calcaneal-navicular  or  even 
calcaneal-cuneiform  articulation;  tail  tufted. 

Genera : Cupidinimus  and  Dipodomys. 

Distribution:  Lower  Pliocene  of  Nebraska;  Middle  Pliocene  of 
Nevada;  Upper  Pliocene  of  Arizona;  Pleistocene  of  California;  Recent 
of  western  United  States  and  Mexico  (see  map,  fig.  156). 

This  subfamily  is  definitely  related  to  the  Perognathinae,  to  which 
it  shows  much  closer  relationships  than  does  either  to  the  Hetero- 
myinae  (fig.  1).  It  may  be  that  a more  correct  idea  of  the  relation- 
ships within  the  family  would  be  attained  by  consolidating  these  first 
two  subfamilies.  But  there  is  a very  distinct  difference  in  foot  struc- 
ture, together  with  other  less  noticeable  differences.  Therefore,  it  is 
considered  best  to  separate  the  Dipodomyinae,  though  it  is  realized 
that  they  are  close  to  the  Perognathinae. 
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Cupidinimus  new  genus5 

Genotype:  C.  nebraskensis,  n.sp.,  described  below,  from  the  lowest 
Pliocene  Valentine  beds  of  Nebraska. 

Diagnosis:  Sub-ricochetal  heteromyids,  with  asulcate  upper  in- 
cisors; union  of  lophs  of  P4  tending  to  be  between  metacone  and 
protoloph,  though  first  point  of  union  is  usually  in  the  center  of  the 
tooth;  lower  molars  with  incipient  H-pattern;  cheek  teeth  progres- 
sively hypsodont  and  lophate,  but  always  rooted;  deciduous  premolars 
progressive;  calcaneal-navicular  articulation. 

Range:  Valentine  (lowest  Pliocene)  of  Nebraska,  Thousand  Creek 
(Middle  Pliocene)  of  Nevada,  and  Benson  (Upper  Pliocene)  of  Arizona. 

This  genus  is  close  to  Perognathus  and  Mookomys  in  many  respects, 
but  in  many  more  it  shows  fundamental  similarities  to  Dipodomys, 
as  will  be  shown  below,  and  seems  to  be  an  ideal  structural  ancestor  to 
that  genus.  There  are  no  characters  of  Cupidinimus  so  far  known 
that  stand  in  the  way  of  its  ancestry  to  Dipodomys.  The  philosophy 
of  evolution  which  would  prohibit  its  derivation  from  Mookomys , 
because  of  the  grooved  incisors  in  the  latter  genus,  would  require  a 
separate  line  leading  back  at  least  to  the  Lower  Miocene.  The 
structure  of  the  teeth  of  this  genus  is  quite  different  from  that  of 
Perognathoides.  The  remarkable  character  of  the  tarsus  is  less  well 
established  in  Cupidinimus  than  it  is  in  Dipodomys , so  it  is  possible 
that  Mookomys , in  which  the  tarsus  is  of  a more  normal  heteromyid 
type,  may  represent  the  point  of  divergence  of  the  Dipodomyinae 
from  the  Perognathinae  (see  fig.  i). 


Cupidinimus  nebraskensis  n.  sp.  (Figs.  34-65.) 

Plolotype:  Carn.  Mus.  No.  10193. 

Paratypes:  C.  M.  Nos.  10170,  10171,  10172,  10173,  10174,  and 
10175. 

Collected  by  A.  E.,  F.  D.,  and  H.  E.  Wood,  F.  J.  Johnson  and 
C.  S.  Osborne,  from  the  Valentine  Formation,  about  three  miles  south 
of  Valentine,  Nebraska,  July  15-16,  1931;  Sept.  7,  1931  and  Sept.  3, 
1932. 

Diagnosis:  Small;  teeth  medium  to  low  crowned;  lophs  separate 
until  the  teeth  are  much  worn;  masseteric  ridge  extends  well  forward 
of  P4;  limbs  definitely  sub-ricochetal;  calcaneal-navicular  contact 
definitely  established. 

5The  name  of  this  genus  is  intended  to  suggest  the  formation  and  locality  where 
the  genotype  was  found. 


1935 


Wood:  Evolution  of  Heteromyid  Rodents 


119 


This  species  is  known  only  from  the  lowest  Pliocene  of  its  type 
locality.  Specimens  occur  in  several  isolated  patches  within  a 
quarter  of  a mile  of  each  other,  and  apparently  at  the  same  strati- 
graphic level  (see  map,  fig.  34).  The  teeth  are  definitely  more  primi- 


tive than  in  C.  magnus,  the  only  other  species  referred  to  the  genus. 
The  auditory  region  is  somewhat  specialized,  but  whether  more  so  than 
in  C.  magnus  can  not  be  determined  until  a skull  of  the  latter  is  found. 
The  more  primitive  character  of  C.  nebraskensis  is  no  more  than  would 
be  expected  on  the  basis  of  the  respective  horizons  of  the  two  species. 

In  June,  1931,  a field  party,  consisting  of  Miss  Rolena  Dowden, 
Dr.  Florence  Dowden  Wood,  Dr.  H.  E.  Wood  and  the  author,  had 
the  good  fortune  to  find  considerable  quantities  of  heteromyid  bones, 
including  a rather  complete  associated  skeleton  (fig.  35),  as  well  as 
numerous  other  teeth  and  bones,  in  the  Lower  Pliocene  Valentine  beds 
of  north-central  Nebraska.  During  a visit,  largely  with  the  idea  of 
learning  as  much  as  possible  of  the  occurrence,  to  a field  party  of  the 
University  of  Nebraska,  who  were  working  a quarry  in  the  Valentine 
(see  map),  Messrs.  C.  S.  Osborne  and  F.  J.  Johnson  of  the  Nebraska 
party  very  kindly  pointed  out  exposures  in  the  neighborhood  where 
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Fig.  35.  Cupidinimus  nebraskensis,  holotype,  C.  M.  no.  10193,  Restored  Skeleton. 

X 1. 

they  were  not  expecting  to  work.  It  was  in  one  of  these  that  the 
heteromyids  were  discovered. 

This  locality  is  on  the  opposite  (west)  side  of  the  railroad  embank- 
ment from  the  Nebraska  quarry,  in  the  sand  flat  just  inside  the  fence 
at  the  edge  of  the  railroad  property,  and  about  half  way  between  the 
Nebraska  quarry  and  the  Bunnell  ranch  house.  The  fossils  were 
scattered  generally  over  the  whole  area,  where  it  was  not  covered  with 
grass,  and  were  recovered  by  crawling  over  the  ground  on  hands  and 
knees,  or,  even  better,  by  lying  flat  on  the  sand.  Another  visit  was 
paid  to  the  same  locality  on  Sept.  7,  the  same  summer,  and  a third 
visit  was  made  on  Sept.  3,  1932.  On  each  of  these  visits,  more  hetero- 
myid  material  was  found,  though  on  neither  occasion  was  as  much 
collected  as  on  the  first  trip.  As  this  pocket  is  extremely  limited  in 
area,  having  been  covered  thoroughly,  without  difficulty,  on  each 
visit,  it  would  appear  to  be  extremely  rich  in  heteromyids.  In  the 
visit  in  1932,  as  the  Nebraska  party  was  through  working  the  quarry, 
we  searched  the  refuse  pile  of  the  quarry,  finding  a few  specimens 
of  the  same  species,  indicating  that  the  two  areas  are  of  essentially 
the  same  age,  and  proving  that  the  heteromyids  are  genuinely  asso- 
ciated with  the  rest  of  the  fauna. 
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The  upper  incisors  are  entirely  without  sulci  in  this  species.  A 
large  collection  of  incisors  was  made  in  the  sand  flat,  of  appropriate 
size  to  belong  to  this  species,  not  one  of  which  shows  the  slightest 
trace  of  grooving.  As  not  more  than  one  or  two  specimens  of  any 
other  species  of  small  rodent  was  found,  it  is  very  probable  that  most 
of  the  incisors  belong  to  this  species.  In  the  skull  described  below, 
the  incisors  were  preserved,  and  are  without  sulci.  The  upper  incisors, 
as  always  in  rodents,  have  a lesser  radius  of  curvature  than  do  the 
lowers,  the  figures  in  this  case  being  4.4  mm.  and  7.5  mm.  respectively. 

The  upper  premolar  (figs.  36  and  37)  is  of  the  typical  perognathine 
type,  composed  of  two  transverse  lophs.  The  anterior  of  these  is 
formed  of  a single  cusp,  apparently  the  protocone.  The  paracone 
seems  to  be  absent  in  this  as  in  all  members  of  the  Perognathinae  and 
Dipodomyinae.  The  posterior  loph  is  formed  of  the  metacone,  hypo- 
cone  and  entostyle.  There  is  not  as  long  an  anterior  slope  of  the 
protocone  as  in  Perognathus,  nor  is  it  even  as  well  developed  as  in  C. 
magnus,  though  it  is  of  appreciable  size.  This  is  a primitive  char- 
acter, correlated  with  low  crowns.  The  union  between  the  two  lophs, 
as  the  crown  is  worn  away,  first  develops  at  the  buccal  margin  of  the 
tooth,  between  the  protocone  and  the  metacone.  The  union  between 
the  two  lophs  does  not  take  place,  however,  until  the  tooth  is  well 
worn,  and  is  not  shown  in  either  specimen  figured.  The  cusps  of  the 
metaloph  unite  with  each  other  early  in  life.  The  metacone  and  ento- 
style are  distinctly  anterior  to  the  hypocone,  making  the  metaloph 
markedly  crescentic,  and  partly  blocking  the  median  valley  at  both 
ends.  As  the  tooth  is  worn,  the  hypocone  extends  further  forward, 
approaching  closer  and  closer  to  the  protocone,  uniting  with  it  shortly 
after  the  metacone  does,  clearly  indicating  the  manner  in  which  the 
Dipodomyine  method  of  premolar  formation  has  been  acquired.  In 
this  form,  there  is  no  trace  of  the  buccal  movement  of  the  protocone, 
which  occurs  in  Microdipodops , but  rather  the  metacone  has  moved 
forward  until  it  makes  contact  with  the  protocone.  The  posterior  loph 
of  the  premolar  is  the  widest  part  of  the  upper  cheek  tooth  series, 
suggesting  Microdipodops  rather  than  Dipodomys. 

M1-2  are  each  composed  of  two  lophs,  and  contain  six  cusps  each, 
as  in  all  heteromyids,  the  two  lophs  of  each  being  subequal  in  size, 
Ml  is  definitely  larger  than  M2  (fig.  37).  Wear  affects  the  upper  molars 
progressively  from  rear  to  front;  that  is,  M3  is  the  first  worn  to  a circle, 
while  M1  is  the  last.  This  is  the  same  situation  that  exists  in  Pero- 
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gnathus,  Microdipodops  and  Dipodomys.  The  paracone  and  metacone 
have  unusually  acute  external  margins.  In  another  specimen,  C.  M. 
No.  10175,  M1  is  but  slightly  worn,  and  the  outlines  of  the  individual 
cusps  can  still  be  easily  seen  on  the  lophs.  The  two  lophs  are  still 
separate,  but  are  almost  ready  to  unite  at  the  lingual  margin.  The 
valley  between  the  four  primary  cusps  is  still  quite  deep.  In  this 
animal,  the  two  cingular  cusps  unite  with  each  other  earlier  than  they 
do  in  Perognathus,  as  compared  with  the  time  when  the  other  portions 
of  the  lophs  unite  with  each  other.  Or  perhaps  it  might  be  put  this 
way — the  gradient  of  the  median  valley  is  much  steeper  in  Cupidinimus 
than  it  is  in  Perognathus. 

M3  is  much  smaller  than  are  the  other  teeth  (figs.  37-38).  The 
anterior  loph  is  composed  uf  three  cusps,  as  in  the  other  molars,  but 
the  metaloph  contains  only  two,  the  metacone  and  a cusp  of  somewhat 
problematical  homologies.  Comparison  with  Heliscomys  gregoryi 
suggests  that  it  may  have  been  derived  from  the  cingulum  and  thus 
be  homologous  with  the  entostyles  of  the  other  teeth.  It  may  have 
resulted  from  a splitting  of  the  metacone,  but  the  former  seems 
definitely  the  more  probable.  As  no  hypocone  appears  to  be  present, 
or  ever  to  have  been  present,  it  may  be  that  this  cusp  should  be  con- 
sidered as  a cingulum  hypocone.  The  protostyle  is  quite  small  and 
shows  (fig.  38)  what  appears  to  be  an  incipient  anterior  cingulum, 
apparently  the  initial  step  in  the  development  of  the  very  strong 
cingulum  shown  in  the  unworn  third  upper  molar  of  Microdipodops 
and  Dipodomys. 

The  lower  premolar  (fig.  39)  has  a typical  X-pattern,  being  corn- 
composed  of  four  cusps,  uniting  in  the  center  of  the  tooth.  The  pre- 
molar is  smaller  than  the  first  two  molars,  a primitive  character, 
though  it  is  not  reduced,  as  in  Perognathus.  The  four  cusps  are  much 
more  independent  of  each  other  than  in  the  recent  species  of  pocket 
mice,  the  union  of  the  two  lophs,  especially,  being  less  well  developed. 
The  general  effect,  however,  is  similar  to  that  in  the  Tertiary  species 
of  Perognathus.  In  these  characters,  this  form  approaches  the  pattern 
shown  by  Mookomys  altifiuminis.  The  anterior  loph  of  Mi  is  the 
widest  part  of  the  whole  series,  though  all  four  lophs  of  Mi_2  are  of 
essentially  the  same  width.  The  general  character  of  Mi_2  is  the  same 
as  in  Perognathus , each  being  composed  of  six  cusps,  three  per  loph. 
The  union  of  the  cusps  to  form  lophs  is  rapid,  as  may  be  seen  in  the 
holotype  (fig.  39),  which  is  still  sufficiently  adolescent  so  that  the 
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Fig.  36.  C.  nebraskensis,  C.  M.  no.  10193,  LP4,  X 10. 

Fig.  37.  C.  nebraskensis,  C.  M.  no.  10170,  LP4 — M3,  X 10. 

Fig.  38.  C.  nebraskensis,  C.  M.  no.  10193,  LM3,  X 10. 

Fig.  39.  C.  nebraskensis,  C.  M.  no.  10193,  lower  jaw  with  LP4 — M3,  Xio. 

Fig.  40.  C.  nebraskensis,  C.  M.  no.  10168,  PdR4,  X 10. 

epiphyses  are  not  fused  to  the  shafts  of  the  long  bones.  The  traces  of 
the  cusps  are  not  retained  as  irregularities  in  the  outline  of  the  lophs 
for  as  long  as  in  Perognathus,  a definite  advance  toward  Dipodomys. 
In  some  specimens  of  C.  nebraskensis , the  lophs  first  unite  at  the 
buccal  side  of  the  crown  of  the  lower  molars,  forming  a U.  In  others, 
the  first  point  is  between  the  buccal  margins  of  the  metaconid  and 
entoconid,  resulting  in  what  is  here  called  the  H-pattern,  especially 
characteristic  of  the  Dipodomyinae,  though  occurring  in  the  other 
subfamilies.  Whichever  type  of  union  is  the  first  to  occur,  the  other 
follows  almost  immediately  after,  with  very  little  time  interval. 
Mi_2  are  subequal  in  size. 

M3  resembles  M3  in  that,  while  the  anterior  crest  is  tricuspidate,  the 
posterior  one  contains  but  two  cusps,  the  hypostylid  apparently  being 
absent.  The  two  lophs  unite  at  about  the  middle  of  the  hypolophid, 
or  one  third  of  the  distance  from  the  lingual  margin  of  the  metalophid 
(fig.  39),  forming  a very  clear  H.  M3  is  slightly  smaller  than  the  lower 
premolar. 

One  specimen,  C.  M.  No.  10168,  a right  lower  jaw,  contains  the 
deciduous  premolar,  together  with  the  first  molar  (fig.  40).  The 
pattern  of  the  deciduous  premolar,  while  distinct  from  that  of  Micro- 
dipodops  or  Dipodomys  (figs.  33  and  68)  is,  nevertheless,  much  closer 
to  them  than  it  is  to  the  corresponding  tooth  of  Perognathus  hispidus 
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paradoxus  (fig.  26),  the  most  advanced  type  found  among  the  species 
of  Perognathus  studied.  The  tooth  of  Cupidinimus  helps  to  indicate 
the  manner  in  which  the  Dipodomys  type  of  dP4  was  derived  from  one 
similar  to  that  of  Perognathus , although  in  some  respects  it  is  more 
specialized  than  any  other  deciduous  premolar  studied.  The  tooth  of 
Cupidinimus  consists  of  four  primary  cusps,  as  in  the  other  genera. 
As  in  Dipodomys  m.  merriami,  the  cusps  of  the  anterior  loph  are  close 
to  each  other  and  to  the  anteroconid,  which  is  between  the  protoconid 
and  mesoconid,  instead  of  being  anterior  to  the  mesoconid  as  in 
Microdipodops  (fig.  33).  The  cingulum  extends  from  the  valley 
between  the  protoconid  and  mesoconid,  along  the  anterior,  external, 
and  posterior  sides  of  the  tooth,  as  in  Microdipodops , developing  a 
prominent  cusp  between  the  hypoconid  and  metaconid,  as  well  as  a 
mesostylid,  a hypostylid,  and  three  poorly  differentiated  antero- 
external  stylids  (fig.  40).  In  Dipodomys , the  cusps  which  have  been 
derived  from  the  cingulum  of  Cupidinimus  are  somewhat  elevated, 
and  considerably  broadened,  as  well  as  more  separated  from  each 
other,  so  that  the  suggestion  of  cingular  origin  in  that  form  is  partly 
obliterated.  In  Perognathus  and  Cupidinimus , the  connection  be- 
tween the  anteroconid  and  the  two  cusps  of  the  protolophid  is  be- 
tween the  center  of  the  anterior  cusp  and  the  space  between  the  two 
posterior  cusps,  or  between  the  anterior  cusp  and  each  of  the  others. 
In  Dipodomys , the  union  varies  from  being  the  same  as  in  these  other 
two  genera,  to  being  between  the  mesoconid  and  the  buccal  margin 
of  the  anterior  cingulum.  Cupidinimus,  then,  while  generally  similar 
to  Microdipodops  and  the  Heteromyinae  in  the  structure  of  this  tooth, 
which  in  all  of  them  seems  to  be  a quadritubercular  tooth  with  ad- 
ditional cusps  derived  from  a buccal,  anterior,  and  occasionally  pos- 
terior, cingulum,  is  much  closer,  fundamentally,  to  that  in  Dipodomys, 
and  effectually  bridges  the  structural  gap  between  D.  m.  merriami 
and  P.  hispidus  paradoxus,  in  that  it  shows  without  any  doubt  that  the 
accessory  cusps  of  the  former  are  merely  buds  from  an  expanded 
cingulum. 

A casual  inspection  of  the  skull  (fig.  41)  seems  to  show  more  re- 
semblances to  Perognathus  than  to  Dipodomys.  Closer  study,  how- 
ever, reveals  many  significant  similarities  to  the  latter  genus,  which 
will  be  brought  out  below.  The  skull  does  not  appear,  for  instance,  to 
have  a mastoid  region  any  more  inflated  than  that  of  Perognathus, 
but  this  is  partly  due  to  the  crushing  and  destruction  of  that  part  of 


1935 


Wood:  Evolution  of  Heteromyid  Rodents 


125 


the  skull,  and  only  partly  to  the  fact  that  it  is  less  inflated  than  in 
Dipodomys.  The  skull  is  crushed  in  nearly  as  many  different  direc- 
tions as  possible.  The  frontals  are  arched  above  the  rest  of  the  skull 
from  this  cause,  and  the  posterior  half  is  twisted  about  the  longitudinal 
axis  of  the  skull  with  respect  to  the  anterior  half.  The  effects  of  crush- 
ing have  been  eliminated  to  as  great  an  extent  as  possible  in  the  draw- 
ing of  the  skull,  largely  by  comparisons  with  the  skull  of  Perognathus. 

The  nasals  as  preserved  are  shorter  and  less  inflated  than  in  Pero- 
gnathus, but  part  of  this  is  due  to  their  tips  having  been  broken  off. 
They  do  not,  however,  show  the  pronounced  tubular  conditions  found 
in  Dipodomys.  The  infraorbital  foramen  seems  as  far  forward  as  in 
the  latter  genus,  although,  as  its  edges  are  much  broken,  there  may  be 
some  error  as  to  its  exact  position  and  boundaries.  It  is  entirely 
possible  that  the  foramen  is  further  forward  than  in  Perognathus , and 
as  far  forward  as  in  Dipodomys.  The  entire  zygomasseteric  structure 
of  Cupidinimus  is  close  to  that  in  these  two  heteromyids,  and  shows 
no  signs  of  approach  toward  the  conditions  found  in  Paramys.  This 
is  not  surprising,  the  only  Cricitine  that  Schaub  found  showing  any 
approach  to  the  Paramys  type  being  Cricetops  of  the  Oligocene 
(Schaub,  1925;  Matthew  and  Granger,  1923).  It  is  possible  that,  when 
specimens  shall  be  found  showing  this  region  in  Heliscomys  or  other 
Oligocene  heteromyids,  an  intermediate  type  of  zygomasseteric 
structure  may  be  discovered,  but  it  is  equally  likely  that,  by  the  time 
the  Oligocene  members  of  the  family  had  been  reached,  the  chewing 
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habits  of  the  later  heteromyids  had  already  been  acquired,  and  hence 
the  typical  heteromyid  zygomasseteric  structure  was  present.  Other 
families  of  rodents  show  a similar  rapid  development  of  the  progres- 
sive structure  in  this  region  at  a very  early  date.  In  the  late  Oligocene 
and  early  Miocene  Geomyidae,  the  zygomasseteric  structure  was 
practically  identical  with  that  of  the  modern  members  of  the  family. 
The  maxillary  has  been  carried  forward  on  the  face  by  the  expansion 
of  the  masseter,  forcing  the  infraorbital  foramen  before  it.  The 
zygomatic  process  of  the  maxillary  of  Cupidinimus  is  definitely  wider 
antero-posteriorly  than  is  that  of  Perognathus,  and  shows  the  initial 
step  in  the  process  which  would  lead  to  the  great  enlargement  of  the 
process  in  Dipodomys.  The  posterior  end  of  the  process,  articulating 
with  the  jugal,  is  heavier  than  in  Perognathus. 

The  lacrymal  is  similar  to  that  of  Perognathus , being  a small  bone 
articulating  with  the  frontal  and  maxillary  at  the  anterior  end  of  the 
orbit,  but  not  helping  to  roof  the  anterior  part  of  the  orbit,  as  in 
Dipodomys , where  it  comes  into  close  contact  with  the  expanding 
zygomatic  process  of  the  maxillary.  The  dorsal  surface  of  the  frontal 
is  similar  in  all  the  genera,  except  that  in  Perognathus  it  extends  as  far 
caudad  as  the  anterior  end  of  the  glenoid,  whereas  in  Dipodomys  and 
Cupidinimus  it  does  not.  The  lateral  margin  of  the  frontal  slightly 
overhangs  the  orbit  in  this  last,  anticipating  the  much  greater  over- 
hang in  the  kangaroo  rat. 

The  parietals  have  a larger  lateral  extent  in  Cupidinimus  than  in 
either  of  the  recent  genera,  as  they  are  not  entirely  removed  from  the 
temporal  foossa  as  in  both  Perognathus  and  Dipodomys.  There  is  no 
trace  of  the  notch  for  the  temporalis  which  has  been  developed  in 
Microdipodops,  the  muscle  apparently  being  much  the  same  as  in 
Dipodomys , but  the  arrangement  of  the  bones  was  slightly  different. 
This  means  that  the  dorsal  expansion  of  the  alisphenoid  and  squamosal 
was  smaller  in  the  fossil  form.  There  is  no  trace  of  a process  of  the 
parietal  between  the  squamosal  and  the  mastoid,  a resemblance  to 
Dipodomys,  where  it  is  either  entirely  absent,  or  extremely  minute. 
The  shape  of  the  parietal  is  intermediate  between  that  of  the  more 
primitive  species  of  Perognathus  and  that  of  Dipodomys , the  former 
being  square  and  the  latter  almost  triangular.  The  change  of  shape  is 
brought  about  by  the  advance  of  the  mastoid,  cutting  off  the  postero- 
lateral corner  of  the  bone,  which  was  originally  square  or  pentagonal, 
as  in  Heteromys.  The  parietal  of  Cupidinimus  is  about  the  shape  of 
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the  state  of  Nevada,  as  in  the  members  of  the  subgenus  Perognathus. 
In  the  subgenus  Chaetodipus,  the  mastoid  is  limited  almost  exclusively 
to  the  lateral  surface  of  the  skull,  and  does  not  crowd  the  parietal  and 
interparietal  to  any  great  extent.  In  Perognathus  {Perognathus) , 
the  mastoid  has  advanced  onto  the  dorsum  of  the  skull,  paralleling 
the  situation  found  in  Cupidinimus.  In  Dipodomys , the  interparietal 
and  the  branches  of  the  supraoccipital  embracing  it  are  compressed  by 
the  mastoids  until  these  latter  almost,  or  even  actually,  meet  on  the 
dorsum  of  the  skull.  The  advance  of  the  mastoids  forces  the  parietals 
back  pari  passu.  In  Cupidinimus , the  parietals  have  retreated  about 
half  the  distance  that  they  have  gone  in  Dipodomys.  The  interparietal 
is  about  4.7  mm.  wide.  In  Perognathus  fallax  fallax  it  is  about  7 mm. 
wide.  In  the  various  species  of  Dipodomys , it  ranges  from  3 mm. 
down  to  no  visible  exposure,  although  the  skull  is  considerably  larger 
than  in  Cupidinimus  and  Perognathus.  The  exoccipital  embraces 
the  postero-lateral  margins  of  the  interparietal  as  in  other  heteromyids, 
but  does  not  surround  it  as  fully  as  in  Dipodomys  and  Microdipodops, 
due  to  the  lesser  expansion  of  the  mastoid  region.  The  occipital  forms 
considerably  more  of  the  dorsum  of  the  skull  than  it  does  in  Pero- 
gnathus. It  extends  as  far  forward  in  Dipodomys , but  does  not  have 
as  great  a width,  having  been  compressed  by  the  bullae. 

The  mastoid  is  filled  with  cancellous  bone  as  in  the  living  Perogna- 
thinae  and  Dipodomyinae.  The  open  spaces  are  smaller  than  in  the 
ricochetal  genera,  closely  approaching  those  species  of  Perognathus 
with  bullae  about  the  same  proportionate  size.  The  squamosal 
reaches  the  frontal  as  in  Perognathus,  not  yet  having  been  separated 
from  it  as  in  Dipodomys,  where  the  alisphenoid  intervenes.  The 
latter  has  been  lost  from  the  skull  of  Cupidinimus,  and  its  relations 
cannot  be  determined.  The  glenoid  is  more  nearly  like  that  of  Pero- 
gnathus, with  the  zygomatic  process  of  the  squamosal  not  firmly  united 
to  the  bulla  as  in  Dipodomys,  but  still  coming  into  contact  with  it, 
which  is  not  the  case  in  Perognathus.  The  auditory  meatus  is  definitely 
lower  than  in  Perognathus,  and  much  lower  than  in  Dipodomys.  It 
opens  caudad  as  in  Dipodomys  rather  than  dorsad  as  in  Perognathus. 
This  is  due  to  the  inflation  of  the  anterior  lip  of  the  meatus,  although 
the  amount  of  inflation  is  much  less  than  in  Dipodomys.  Similar 
inflation  occurs  in  the  subgenus  Perognathus.  The  bullous  portions  of 
the  tympanic  and  mastoid  may  connect,  in  Cupidinimus,  through  the 
anterior  lip  of  the  meatus,  as  in  Dipodomys,  as  well  as  directly,  pos- 
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terior  to  the  meatus,  as  in  both  Dipodomys  and  Perognathus,  though 
this  cannot  definitely  be  determined  without  better  material.  The 
zygomatic  process  of  the  squamosal  comes  into  contact  with  the 
tympanic  above  the  meatus,  rather  than  being  approximated  to  its 
anterior  margin,  as  in  Perognathus. 

On  the  whole,  the  skull,  while  superficially  resembling  Perognathus, 
shows,  on  further  study,  numerous  fundamental  resemblances  to 
Dipodomys.  In  almost  every  respect  in  which  Dipodomys  differs  from 
Perognathus,  Cupidinimus  resembles  the  former,  though  the  char- 
acter is  less  pronounced  in  every  instance.  The  auditory  region  seems 
to  have  been  more  inflated  than  in  most  species  of  Perognathus,  and 
may  have  been  as  much  so  as  in  Dipodomys  compactus.  The  skull 
characters  add  to  the  evidence  derived  from  the  teeth,  that  Cupidini- 
mus  belongs  to  the  Dipodomyinae,  and  very  probably  represents  the 
ancestral  form  from  which  Dipodomys  was  derived.  The  resemblances 
of  the  skull  to  that  of  Microdipodops  are  greater  than  those  to  Pero- 
gnathus in  many  respects,  but  most  of  these  are  parallelisms,  and 
there  are  many  more  points  of  approach  to  conditions  in  Dipodomys. 

The  jaw  is  slender,  as  usual  among  heteromyids  (figs.  39,  41,  42). 
The  mental  foramen  is  far  forward,  being  about  two  thirds  of  the 
distance  from  P4  to  the  alveolus  of  the  incisor.  The  masseteric  ridge 


Fig.  42.  C.  nebraskensis,  C.  M.  no.  10193,  Lower  Jaw,  X 5. 


strikes  the  diastema  at  about  the  middle,  the  anterior  end  of  the  crest 
curving  dorsad  at  a moderate  angle.  In  some  specimens,  there  is  a 
slight  indication  of  the  refolding  of  the  crest  described  below  as  a 
common  characteristic  of  Dipodomys.  This  is,  however,  never  strongly 
developed,  and  is  entirely  absent  in  many  specimens.  There  is  a fora- 
men on  the  condyloid  process  in  about  the  same  position  as  that  in 
Perognathus,  but  no  trace  of  grooving  or  pitting  between  M3  and  the 
base  of  the  coronoid,  and  no  foramen  in  that  position,  was  found  in 
any  specimen  of  Cupidinimus.  The  foramen  in  the  condyloid  process 
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is  further  forward  than  in  Ileteromys  and  Liomys,  but  not  as  far  as  in 
Microdipodops.  The  position  of  the  foramen,  as  well  as  of  the  mental 
foramen  and  masseteric  crest,  vary  in  different  individuals,  being 
closer  to  the  conditions  in  Dipodomys  in  some  specimens  than  in 
others.  The  angle  seems  to  be  about  as  large  as  in  Perognathus,  and 
about  equally  everted.  As  in  all  heteromyids,  the  coronoid  process 
is  weak,  and  slopes  backwards,  correlated  with  a weak  temporal 
muscle.  The  grinding  surface  of  the  lower  cheek  teeth  slopes  down- 
wards toward  the  rear. 

The  transverse  processes  of  the  atlas  are  almost  entirely  in  a vertical 
plane  (fig.  43),  as  in  Dipodomys  and  Perognathus.  The  atlantal  fora- 
men, on  the  dorsal  side  of  the  bone,  is  in  much  the  same  position 
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43.  C.  nebraskensis,  C. 

(a)  anterior  side. 

(b)  left  side. 

44.  C.  nebraskensis,  C. 

(a)  anterior  side. 

(b)  left  side. 

45.  C.  nebraskensis,  C. 

anterior  side. 

46.  C.  nebraskensis,  C. 

left  side. 

47.  C.  nebraskensis,  C. 

48.  C.  nebraskensis,  C. 

49.  C.  nebraskensis,  C. 

50.  C.  nebraskensis,  C. 

51.  C.  nebraskensis,  C. 

52.  C.  nebraskensis,  C. 

53.  C.  nebraskensis,  C. 

54.  C.  nebraskensis,  C. 


M.  no.  10193,  Atlas,  X 5. 


M.  no.  10193,  Axis,  X 5. 


M.  no.  10193,  Fourth  Cervical,  X 5. 

M.  no.  10193,  Sixth  Cervical,  X 5. 

M.  no.  10193,  Second  Thoracic,  left  side,  X 5. 
M.  no.  10193,  Fourth  Thoracic,  left  side,  X 5. 
M.  no.  10193,  Second  Lumbar,  left  side,  X 5. 

M.  no.  10193,  Fifth  Lumbar,  left  side,  X 5. 

M.  no.  10193,  Second  Caudal,  left  side,  X 5. 

M.  no.  10193,  Third  Caudal,  left  side,  X 5. 

M.  no.  10193,  Thirteenth  Caudal,  left  side,  X 5. 
M.  no.  10193,  Nineteenth  Caudal,  left  side,  X 5. 
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as  in  these  other  genera.  The  inferior  median  atlantal  process  is  much 
shorter  than  in  Dipodomys,  and  slightly  shorter  than  in  Heteromys 
or  Perognathus.  There  is  a deep  groove  above  the  posterior  articular 
facets,  for  the  second  spinal  nerve.  The  posterior  half  of  the  arch  was 
certainly  without  a spine.  The  spine,  if  present  at  all,  was  definitely 
smaller  than  that  of  Perognathus  or  Heteromys , and  much  smaller  than 
that  of  Dipodomys. 

The  axis  bears  a strong,  rounded  odontoid  process  (fig.  44).  The 
spine  is  broken  off  in  the  fossil,  but  must  have  been  of  fair  size.  The 
vertebro-arterial  foramen  is  confined  to  the  posterior  half  of  the  bone. 
There  is  no  trace  of  fusion  of  the  axis  and  third  cervical,  thus  repre- 
senting a distinctly  more  primitive  stage  than  does  either  Dipodomys 
or  Microdipodops.  A well  marked  median  ventral  ridge  runs  the  whole 
length  of  the  centrum,  dividing  into  two  small,  closely  spaced  tubercles, 
just  at  the  posterior  edge  of  the  bone.  The  lamella  of  the  transverse 
process  surrounding  the  vertebro-arterial  foramen  is  very  slender, 
and  the  whole  process  is  narrow,  antero-posteriorly.  This  bone  differs 
markedly  from  that  of  Dipodomys  and  somewhat  from  those  of 
Perognathus  and  Heteromys  in  the  size  of  the  spine.  Even  though  it  is 
broken  off  in  the  fossil,  it  could  not  have  been  large.  Its  actual  size 
is  nearly  the  same  as  in  the  much  smaller  P.  f.  fallax.  Hatt  (1932,  p. 
640)  says  that  the  axis  and  the  third  cervical  are  almost  always  the 
first  vertebrae  to  fuse  in  ricochetal  forms,  Microdipodops  being  the 
only  exception.  As  the  first,  second,  fourth  and  sixth  cervicals  are 
preserved  in  C.  nebraskensis,  it  is  clear  that,  since  they  show  no  trace  of 
such  fusion,  there  could  have  been  none  in  the  centra  or  transverse 
processes,  and  little,  if  any,  in  the  neural  spines.  No  appreciable 
spines  are  present  on  the  post-axial  cervicals,  a closer  approach  to 
Perognathus  and  Dipodomys  than  to  Heteromys.  The  small  size  or 
entire  absence  of  the  spines  is  partly  a function  of  the  small  size  of  the 
animals.  The  neck,  however,  shows  definite  indications  of  the  shorten- 
ing found  in  ricochetors. 

The  fourth  cervical  (fig.  45)  shows  no  trace  of  the  knobs  on  the 
dorsal  surface  of  the  arch  described  below  as  existing  in  Diprionomys. 
There  is  no  median  ventral  ridge  on  the  sixth  cervical  (fig.  46).  The 
spines  of  the  dorsal  vertebrae  (figs.  47-48)  are  considerably  shorter, 
proportionately,  than  in  Dipodomys.  Except  for  a similar  shortening 
of  all  the  processes,  the  lumbar  vertebrae  (figs.  49-50)  appear  very 
similar  in  both  genera.  There  appear,  however,  to  be  no  median  ven- 
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tral  foramina  in  the  centra  of  any  of  the  lumbars  that  are  preserved 
in  the  skeleton  of  C.  nebraskensis. 

The  sacrum  and  pseudosacrum  are  missing  from  this  skeleton. 
Among  the  other  material  collected  from  the  same  locality  is  a pseu- 
dosacrum, composed  of  three  vertebrae,  which  may  belong  to  this 
genus,  as  it  is  about  the  correct  size. 

The  median  ventral  foramina  of  the  caudal  vertebrae  are  further 
forward  than  in  Heteromys,  and  much  further  forward  than  in  Dipo- 
domys  (figs.  51-54),  being  about  a quarter  of  the  distance  from  the 
anterior  end  of  the  bone  in  the  fossil,  as  opposed  to  two  fifths,  and  a 
half,  in  the  two  recent  genera  mentioned.  Their  presence  at  all  is 
one  of  the  factors  distinguishing  this  genus  from  M.icrodipodops.  The 
anterior  part  of  the  fourth  caudal  is  much  wider  than  in  Heteromys , 
its  diapophyses  expanding  laterally  as  far  as  they  do  in  Perognathus 
and  Dipodomys.  The  transverse  processes  point  ventrally  as  well  as 
anteriorly,  resembling  Perognathus  and  Dipodomys , but  differing  from 
Heteromys. 

In  general  shape,  the  scapula  (fig.  55)  is  an  elongate  isosceles  tri- 
angle, similar  in  shape  to  that  of  Perognathus  and  other  quadrupedal 
heteromyids.  As  the  dorsal  half  of  both  scapulae  are  not  preserved, 
it  is  impossible  to  say  whether  or  not  the  vertebro-axial  angle  was 
elongated  in  the  manner  so  characteristic  of  Dipodomys  and  Micro- 
dipodops.  Near  the  distal  end  of  the  spine,  there  is  a noticeable  curve, 
though  it  is  not  a real  metacromion.  This  is  a nearer  approach  to 
one,  however,  than  was  found  in  any  other  heteromyid,  the  process 
being  very  minute  in  Dipodomys,  and  not  seen  at  all  in  Perognathus. 
The  acromion  extends  ventrad  of  the  glenoid  cavity,  as  in  Perognathus, 
but  extends  somewhat  anterad,  instead  of  continuing  the  direction  of 
the  spine.  In  Dipodomys,  the  acromion  is  definitely  shorter  than  in 
the  other  two  genera.  In  Cupidinimus,  as  in  Perognathus,  the  infra- 
and  supra-spinatus  fossae  are  subequal,  whereas  in  the  saltatorial 
genera,  the  infraspinatus  fossa  is  greatly  enlarged,  correlated  with 
the  elongation  of  the  postero-dorsal  margin  of  the  bone.  The  cranial 
border  of  the  scapula  of  Cupidinimus  is  straighter  than  that  of  Dipo- 
domys. The  lack  of  expansion  of  the  infraspinous  fossa  is  good  evi- 
dence that  the  vertebro-glenoid  angle  was  not  greatly  produced.  A 
good-sized  coracoid  process  is  present. 

In  Neotoma,  an  entirely  non-ricochetal,  scampering  animal,  the 
supraspinous  and  infraspinous  fossae  are  about  equal  in  size.  In 
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ricochetors,  the  infraspinous  is  much  larger,  the  supraspinatus  muscle 
being  reduced.  Saltators  have  a falciform  gleno-vertebral  angle, 
corresponding  with  an  increase  of  the  teres  major.  This  also  gives 
the  serratus  magnus  better  leverage  in  depressing  the  posterior  part 
of  the  scapula  and  thus  aiding  in  the  anterior  elevation  of  the  arm. 
The  coracoid  seems  better  developed  in  Perognathus  and  Cupidinimus 
than  in  Dipodomys,  indicating  that  these  forms  have  stronger  short 
heads  of  the  biceps.  The  general  appearance  and  more  detailed  struc- 
ture of  the  scapula  indicate  an  animal  little,  if  any,  more  adapted  for 
riococheting  than  is  Perognathus.  The  resemblances  to  this  last  are, 
in  part,  at  least,  a retention  of  primitive  characters.  The  scapula 
of  Cupidinimus  probably  represents  nearly  the  primitive  type  for  the 
Dipodomyinae. 

The  clavicle  (fig.  56)  is  long  and  slender,  resembling  that  of  other 
heteromyids.  No  significant  variations  of  this  bone  were  detected 
within  the  family. 

Detailed  comparisons  were  made  between  the  humerus  of  C. 
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Fig.  55.  C.  nebr askensis , C.  M.  no.  10193,  Left  Scapula,  X 5. 
Fig.  56.  C.  nebraskensis,  C.  M.  no.  10193,  Left  Clavicle,  X 5. 


anterior  view. 


Fig.  57.  C.  nebraskensis,  C.  M.  no.  10193,  Left  Humerus,  X 5. 


(a)  lateral  view. 


(b)  anterior  view. 

Fig.  58.  C.  nebraskensis,  C.  M.  no.  10193,  Right  radius  and  ulna,  X 5. 


lateral  view. 


Fig.  59.  C.  nebraskensis,  C.  M.  no.  10193,  Left  Manus,  X 5. 


1935  Wood:  Evolution  of  Heteromyid  Rodents  133 

nebraskensis  (fig.  57)  and  those  of  Perognathus  fallax  and  Dipodomys. 
ordii  luteolus,  and  more  incidental  comparisons  with  other  forms.  The 
separation  between  the  head  and  the  greater  tuberosity  is  much  better 
developed  in  Cupidinimus  and  Dipodomys  than  in  Perognathus , where 
there  is  only  a faint  groove.  Cupidinimus  and  Dipodomys  appear  to 
be  closer  to  Paramys  in  this  respect.  The  anterior  face  of  the  greater 
tuberosity  is  poorly  defined  in  Cupidinimus  as  in  Dipodomys  and 
Ileteromys.  The  greater  tuberosity  is  slightly  higher  than  the  lesser 
in  Cupidinimus , thus  distinguishing  it  from  Dipodomys , in  which 
the  reverse  is  true.  The  bicippital  groove  is  well  developed  and 
stronger  than  in  Dipodomys.  The  lesser  tuberosity  is  small  in  all 
forms.  In  Cupidinimus,  the  head  is  subglobular  and  about  the  same 
size  as  the  head  of  the  femur.  It  is  set  at  an  angle  of  about  thirty 
degrees  to  the  long  axis  of  the  shaft,  although  not  separated  by  any 
constriction  which  could  correspond  to  the  neck  of  the  femur.  The 
humerus  of  Dipodomys  is  the  same  in  this  respect.  In  Perognathus, 
the  head  is  not  set  at  so  great  an  angle,  although  an  incipient  tendency 
toward  this  modification  is  shown.  In  all  these  forms,  there  has  been 
a considerable  rotation  of  the  head  from  its  primitive  position,  as 
exemplified  by  Ileteromys  and  Paramys,  where  it  is  essentially  continu- 
ous with  the  main  axis  of  the  bone,  to  a more  lateral  position.  A 
strong  groove  is  present  in  Dipodomys,  on  the  posterior  surface,  which 
is  absent  in  Perognathus  and  Cupidinimus. 

The  deltoid  process  is  large  and  extends  throughout  the  proximal 
third  of  the  bone.  It  ends  distally  in  a strong  deltoid  process,  which 
is  simple  in  Cupidinimus  as  in  Perognathus  and  Paramys , with  no 
trace  of  the  strong  knob  which  occurs  on  the  lateral  margin  of  the 
process  in  Dipodomys  and  Microdipodops.  There  appears  to  be  a cor- 
relation between  methods  of  locomotion  and  the  angle  made  by  the 
proximal  and  distal  margins  of  the  deltoid  process  with  each  other. 
In  Paramys,  this  is  about  120°;  in  Perognathus,  about  no°;  in  Cupi- 
dinimus, about  ioo°;  and  in  Dipodomys  and  Microdipodops,  little,  if 
any,  greater  than  90°.  In  Paramys  and  Ileteromys,  the  distal  end  of 
the  deltoid  process  is  about  35%  of  the  length  of  the  bone  from  the 
distal  end.  In  the  other  genera,  it  is  approximately  60%.  In  Cupi- 
dinimus, Perognathus  and  Dipodomys,  the  deltoid  crest  ends  sharply, 
almost  forming  a right  angle  with  the  shaft  of  the  bone;  in  Micro- 
dipodops, it  actually  forms  a right  angle;  whereas  in  Ileteromys,  the 
process  slopes  subequally  in  both  directions  from  its  highest  point. 
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This  is  a point  of  close  similarity  with  Paramys,  from  which  the 
deltoid  process  of  Heteromys  differs  chiefly  in  being  somewhat  higher 
and  definitely  more  proximad. 

The  distal  half  of  the  bone  carries  a strong  supinator  crest  and  an 
entepicondylar  foramen,  which  last  is  present  in  all  of  the  Heteromyidae. 
The  supinator  crest  seems  better  developed  in  Cupidinimus  than  it  is 
in  Dipodomys,  and  hence  is  much  longer  than  in  Microdipodops.  The 
angle  at  its  proximal  end  is  about  the  same  in  Cupidinimus , Pero- 
gnathus  and  Microdipodops , and  steeper  in  all  than  in  Dipodomys. 
In  this  last,  the  trochlea  extends  slightly  further  distad  to  the  supra- 
trochlea  than  it  does  in  Cupidinimus  or  Perognathus.  In  Perognathus, 
in  fact,  the  distal  end  of  the  bone  is  almost  a straight  line,  at  right 
angles  to  the  axis  of  the  shaft. 

The  humerus,  as  a whole,  seems  more  like  that  of  Dipodomys  than 
that  of  Perognathus , both  in  general  proportions  and  in  the  relations 
and  shapes  of  the  processes.  In  some  respects,  it  is  more  primitive  than 
the  humerus  of  the  latter  genus,  and  in  some  respects  more  advanced. 
It  is  smaller  in  proportion  to  the  femur  than  in  Perognathus , but 
larger  than  in  Dipodomys  (see  Table  V),  representing  an  intermediate 
stage  in  the  transformation  of  a scampering  into  a ricochetal  form. 
The  fact  that  the  proximal  end  is  more  massive  than  the  distal  is  a 
resemblance  to  Perognathus , and  is  probably  a primitive  condition  re- 
tained independently  by  the  two  forms. 

The  radius  and  ulna  (fig.  58)  are  very  similar  to  the  corresponding 
bones  of  both  Perognathus  and  Dipodomys.  There  seems  to  have 
been  very  little  variation  in  the  characters  of  these  two  bones  within 
the  family.  They  are  distinctly  arched  apart  in  their  proximal  half, 
but  no  more  so  in  Cupidinimus  than  in  the  living  genera  of  heter- 
omyids.  The  two  bones,  although  closely  appressed  distally,  are 
separate  in  all  forms  observed.  The  olecranon  is  definitely  shorter  in 
Dipodomys  than  in  the  other  genera.  In  Cupidinimus , Heteromys  and 
Perognathus , the  humerus  and  radius  are  essentially  of  equal  length. 
In  Paramys , the  humerus  is  the  longer.  In  Dipodomys , the  radius  is 
20%  longer  than  the  humerus.  This  shortening  of  the  upper  arm  is 
merely  one  aspect  of  the  shortening  which  is  proceeding  throughout 
the  entire  fore  limb  in  the  progressive  ricochetal  adaptations  (see 
Table  V). 

The  manus  (fig.  59.  See  also  fig.  152)  has  about  the  same  general 
proportions  as  does  that  of  Perognathus  or  Dipodomys,  and  is  nowhere 


1935  Wood:  Evolution  of  Heteromyid  Rodents  135 

near  as  slender  as  that  of  Microdipodops.  There  is  no  great  reduction 
or  specialization  of  any  of  the  parts  other  than  what  is  characteristic 
of  the  family  as  a whole.  In  Cupidinimus,  the  scapholunar,  trapezium, 
trapezoid,  magnum  and  centrale  are  preserved.  The  fusion  of  the 
scaphoid  and  lunar,  which  has  taken  place  in  all  the  members  of  the 
Heteromyidae  in  which  the  manus  is  known,  represents  a distinct  ad- 
vance over  Paramys,  in  which  form  the  two  bones  are  still  distinct. 
The  scapholunar  is  not  as  wide  as  in  Dipodomys  and  Perognathus,  but 
otherwise  is  much  the  same  shape.  It  sends  a process  mediad  which 
barely  overlaps  the  trapezium.  In  Dipodomys , this  process  is  much 
longer,  extending  over  half  the  length  of  the  trapezium.  In  Perogna- 
thus and  Ileteromys,  the  process  is  even  less  well  developed  than  in 
Cupidinimus.  In  the  fossil,  as  in  Ileteromys,  the  length  of  the  scapho- 
lunar is  about  the  same  for  % of  its  width  (transverse  diameter).  In 
Dipodomys,  the  bone  becomes  progressively  longer  from  the  median 
almost  to  the  lateral  margin.  The  centrale,  in  the  dorsal  aspect,  is 
essentially  triangular  in  Dipodomys  and  Perognathus.  In  Cupidinimus, 
it  is  more  ovate,  thus  approaching  closer  to  the  conditions  to  be  found 
in  Heteromys  and  Paramys.  In  Cupidinimus , the  trapezium  is  es- 
sentially the  same  shape — elongate  from  proximad  to  distad — as  in 
Dipodomys,  Perognathus,  Heteromys  or  Paramys.  The  trapezoid  of 
Cupidinimus,  while  separating  the  trapezium  from  the  centrale,  does 
not  keep  them  far  apart,  whereas  in  Dipodomys,  it  extends  in  a large 
process  between  them,  and  has  a broad  facet  articulating  with  the 
scapholunar.  There  is  no  trace  of  this  articulation  either  in  Cupi- 
dinimus or  in  Paramys.  In  Heteromys  and  Perognathus,  the  trapezoid 
is  even  smaller,  allowing  the  median  portion  of  the  large  centrale  to 
articulate  with  the  trapezium.  In  Dipodomys  and  Heteromys,  the 
articulation  between  the  trapezoid  and  metacarpal  II  continues  as  an 
almost  straight  line  into  the  articular  surface  between  the  centrale 
and  the  magnum  and  that  between  the  scapholunar  and  the  unciform. 
This  condition  is  approached  in  Cupidinimus,  which  has  progressed 
far  from  the  brick-like  carpus  of  Paramys.  Of  all  the  modern  genera, 
Perognathus  is  the  closest  in  this  portion  of  the  manus  to  Paramys. 
In  Dipodomys,  the  magnum  sends  only  a small  proximal  process  into 
articulation  with  the  scapholunar,  whereas  in  Cupidinimus,  this 
process  is  quite  broad,  being  almost  half  the  width  of  the  magnum. 
In  Paramys,  the  magnum  and  intermedium  are  in  contact  for  almost 
their  entire  widths.  Heteromys  and  Perognathus  are  definitely  the 
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most  specialized  heteromyids  seen  in  this  respect,  the  unciform  reach- 
ing the  centrale,  and  sending  a broad  process  between  the  magnum 
and  the  scapholunar.  A similar  process  is  present  in  Dipodomys , 
though  it  is  somewhat  narrower.  Apparently,  no  such  process  was 
present  in  Cupidinimus.  In  Paramys,  while  the  articulation  of  the 
unciform  and  lunar  is  broad,  it  does  not  separate  the  magnum  from 
the  latter. 

In  Dipodomys  and  Cupidinimus , metacarpal  III  is  about  three  times 
as  long  as  the  carpus;  in  Ileteromys,  Perognathus  and  Paramys , it  is 
about  three  and  a half  times  its  length.  The  metacarpals  and  pha- 
langes are  definitely  shorter  in  Cupidinimus  than  in  Perognathus  by 
about  ten  or  fifteen  percent  for  a given  body  size.  The  difference 
is  the  other  way  with  Dipodomys , where  the  metacarpals  and  pha- 
langes are  proportionately  still  shorter  than  are  those  of  Cupidinimus 
(see  Table  III).  In  Microdipodops , the  tendency  appears  to  have 
been  in  the  other  direction,  tending  toward  a more  elongate  manus. 

The  pollex  seems  more  reduced  than  in  Perognathus , although,  as  it 
is  absent  in  the  fossil,  it  is  difficult  to  do  more  than  estimate  its  length. 
All  the  heteromyids,  however,  have  a much  less  reduced  pollex  than 
is  found  in  any  described  species  of  Paramys  with  which  I am  familiar, 
which  would  indicate  that  none  of  these  species  of  Paramys  would 
be  likely  to  be  ancestral  to  the  heteromyids,  unless  there  had  been  a 
reversal  of  evolution.  As,  however,  on  other  grounds  the  Bridger 
species  of  Paramys  would  not  be  considered  as  possible  ancestors  of 
the  heteromyids,  and  as  the  manus  is  not  known  in  the  Lower  Eocene 
species,  this  specialization  does  not  seem  especially  significant. 

It  is  worthy  of  note  in  how  many  points  of  detail  the  manus  of 
Cupidinimus  resembles  that  of  Dipodomys.  In  most  of  the  char- 
acters which  differ  markedly  from  those  of  Dipodomys , there  is  a 
striking  resemblance  to  the  conditions  found  in  the  Middle  Eocene 
forms  of  Paramys.  The  manus  seems  to  be  that  of  an  incipient 
Dipodomys,  which  is  identical  with  the  conclusions  reached  from  other 
parts  of  the  skeleton.  The  manus  also  provides  another  feature  help- 
ing to  differentiate  this  subfamily  from  Microdipodops , in  spite  of  the 
numerous  structural  parallels. 

The  ilium  and  dorsal  part  of  the  ischium  are  represented  from 
both  sides  of  the  fossil,  and  are  essentially  complete  (fig.  60).  The 
ilium  is  quite  close  to  that  of  Perognathiis.  It  differs  from  the  one  in 
Dipodomys  in  that  the  ventral,  iliac  fossa  is  much  smaller  than  the 
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Fig.  6o.  C.  nebraskensis,  C.  M.  no.  10193,  Left  pelvis,  Lateral  view,  Restored  from 
Perognathus , X 5. 


dorsal,  gluteal  one,  as  in  Perognathus , although  the  demarcation  be- 
tween the  fossae  is  indistinct,  as  the  tip  of  the  ilium  is  broken  off. 
A strong  tubercle  for  the  rectus  femoris  is  present,  anterior  to  the 
acetabulum.  From  the  radius  of  curvature  of  the  portion  of  the 
ilium  that  is  present,  it  can  be  seen  that  the  proximal  end  was  not 
everted  as  much  as  in  Perognathus , being  close  to  Dipodomys  or 
Heteromys  in  this  respect.  The  notch  on  the  dorsal  margin  of  the 
ilium  is  similar  in  position  to  that  in  Perognathus;  the  similar  notch 
of  the  ischium  is  less  marked  than  in  Perognathus , thus  being  closer  to 
Dipodomys.  This  latter  notch  is  definitely  more  anterior  than  that 
in  Perognathus.  No  crest  is  visible  on  the  dorsal  part  of  the  ischium, 
thus  differing  from  Dipodomys  and  approaching  Perognathus  and 
Heteromys.  Howell  (1932,  p.  521)  says  that  this  crest  is  doubtless 
correlated  with  increased  efficiency,  and  stronger  and  more  tendinous 
origins,  of  the  hamstring  muscles  in  Dipodomys , which  are  of  major 
importance  in  saltation.  To  this  extent,  it  would  indicate  less  salta- 
torial  ability  on  the  part  of  Cupidinimus.  While  the  exact  shape  of  the 
obtuator  foramen  can  not  be  determined,  due  to  the  lack  of  preserva- 
tion of  the  pubis,  it  appears  to  have  had  the  same  shape  as  that  of 
Perognathus.  It  was  certainly  not  as  much  compressed  dorso-ventrally 
as  that  of  Microdipodops , and  probably  not  as  much  so  as  that  of 
Dipodomys,  nor  does  it  appear  to  have  been  subtriangular.  There 
is  no  trace  of  any  rugosity  near  its  anterior  margin  to  which  the 
ligament  occurring  in  Dipodomys  and  Microdipodops  could  have  been 
attached. 

The  shaft  of  the  femur  is  quite  straight,  in  this  more  closely  re- 
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sembling  Dipodomys  than  Perognathus,  and  Heteromys  than  either 
(fig.  61).  In  Dipodomys , the  high  point  of  the  third  trochanter  is 
7.3  mm.,  or  25.5%  of  the  length  of  the  bone,  from  the  proximal  end; 
in  Perognathus,  6.0  or  27.5%;  in  Cupidinimus,  3.75  or  25.3%;  in 
Liomys,  6.6  or  31.2%;  in  Heteromys,  8.7  or  34.2%;  and  in  Paramys 
delicatus,  30.0  or  30.6%.  In  this  respect,  Cupidinimus  is  more  like 
Dipodomys  than  like  Perognathus.  If  Paramys  represents  the  primi- 
tive situation,  the  process  has  moved  distad  in  Liomys  and  Heteromys, 
and  proximad  in  the  other  forms.  The  third  trochanter  is  smaller 
in  actual  size  in  Cupidinimus  than  in  either  Perognathus  or  Dipodomys , 
indicating  that  Cupidinimus  had  smaller  gluteus  superficialis  and 
adductor  brevis  muscles  than  do  the  other  two.  In  Dipodomys,  the 
gluteus  superficialis  is  one  of  the  principal  flexors  of  the  thigh  and  the 
adductor  brevis  one  of  the  powerful  extensors  thereof,  thus  apparently 
indicating  less  jumping  ability  in  Cupidinimus  than  in  Dipodomys. 

The  neck  of  the  femur  is  more  nearly  the  same  diameter  as  the  head 
in  Cupidinimus  than  in  Dipodomys.  The  lesser  trochanter  is  smaller 
than  in  Perognathus  fallax.  The  great  trochanter  is  higher  in  Cupi- 
dinimus than  in  Perognathus  or  Dipodomys.  The  figures  are:  in 
Dipodomys,  0.85  mm.  higher  than  the  head,  or  3%  of  the  length  of  the 
femur;  in  Cupidinimus,  0.60  or  4%;  in  Perognathus  hispidus  para- 
doxus, 0.50  or  2.3%;  in  P.  flavescens,  0.15  or  1.5%.  If  the  height  of  the 
great  trochanter  above  the  head  is  a measure  of  saltatorial  adaptation 
among  heteromyids,  as  Mr.  H.  C.  Raven  informs  me  it  is  among 
kangaroos,  Cupidinimus  would  be  even  more  saltatorial  than  Dipo- 
domys. In  Heteromys  longicauda,  the  great  trochanter  extends  0.95 
mm.  above  the  head,  or  3.7%,  more  than  in  Perognathus  or  Dipodomys, 
but  less  than  in  Cupidinimus.  This,  together  with  the  fact  that  the 
great  trochanter  definitely  extends  beyond  the  head  in  Castor,  would 
seem  to  indicate  that,  among  rodents,  there  is  no  connection  between 
the  amount  of  extension  of  the  great  trochanter  beyond  the  head  and 
leaping  ability. 

The  angle  between  the  shaft  of  the  femur  and  the  head  is  48°  in 
Cupidinimus,  50-60°  in  Perognathus,  6o°  in  Dipodomys,  and  65°  in 
Heteromys,  a series  of  measurements  whose  significance  is  uncertain. 

As  in  all  heteromyids,  the  tibiofibula  is  the  largest  bone  in  the 
body  (fig.  62).  In  Cupidinimus , as  in  Dipodomys,  the  two  are  fused  for 
slightly  more  than  half  their  length.  In  Perognathus,  the  percentage 
of  fusion  is  slightly  less  than  50,  while  in  Microdipodops  the  percentage 


(a)  lateral  view. 

(b)  anterior  view. 

Fig.  62.  C.  nebraskensis,  C.  M.  no.  10193,  Left  Tibiofibula,  X 5. 

(a)  lateral  view. 

(b)  anterior  view. 

Fig.  63.  C.  nebraskensis , C.  M.  no.  10193,  Left  pes,  lateral  view,  X 5. 

Calcaneum  restored  from  another  specimen. 

Fig.  64.  C.  nebraskensis,  C.  M.  no.  10193,  Left  pes,  X 5. 
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is  definitely  more  (see  Table  III).  The  tibia  is  distinctly  longer 
than  the  femur,  indicating  (Howell,  1932,  p.  524)  saltatorial  speciali- 
zation. In  Perognathus,  six  specimens  representing  six  different 
species  and  subspecies  were  measured,  giving  an  average  length  of 
tibia  as  114.4%  of  the  femur,  the  maximum  being  126.1  and  the 
minimum  100.0.  In  Dipodomys,  also  with  six  specimens  measured, 
the  corresponding  figures  were  132.6,  141.2  and  113.9.  The  figure 
for  Cupidinimus,  129.6,  is  nearer  the  average  for  Dipodomys  than  that 
for  Perognathus , but  is  almost  within  the  range  of  variation  of  the 
latter.  It  serves  to  indicate  a definite  tendency  toward  saltatorial 
specialization  in  Cupidinimus.  The  cnemial  crest  is  lower  in  Cupi- 
dinimus than  in  Dipodomys  or  Perognathus.  As  in  Diprionomys , the 
medial  malleolus  is  the  longer.  There  is  no  evidence  of  any  tendency 
in  the  fossil  for  an  approach  to  the  type  of  tibia  and  fibula  found  in 
Paramys,  where  the  two  bones  are  entirely  separate,  but  lie  close 
together  in  the  distal  third  of  their  length.  Cupidinimus,  as  has 
been  pointed  out,  is  already  more  specialized  in  the  amount  of  fusion 
than  are  the  living  members  of  Perognathus. 

In  the  main  outlines  and  general  appearance,  the  pes  (figs.  63-64)  is 
distinctly  closer  to  that  of  Dipodomys  than  it  is  to  that  of  Perognathus. 
The  transverse  compression  of  the  metatarsals  at  their  centers  so  that 
the  diameter  of  the  pes  is  here  less  than  at  their  proximal  ends,  and 
the  marked  flare  of  the  distal  ends  of  the  toes,  are  quite  similar  to  the 
situation  in  Dipodomys,  although  developed  to  a slightly  lesser  ex- 
tent, and  probably  served  to  increase  the  stability  of  the  animal  in  the 
ricochet. 

The  astragalus  is  more  elongate  than  that  of  Paramys  (Matthew, 
1910,  fig.  5)  and  about  as  much  so  as  that  of  Perognathus  or  of  Dipo- 
domys. The  tibial  keel  is  considerably  shorter  than  the  fibular,  as  in 
Diprionomys  agrarius,  Microdipodops  and  Dipodomys.  In  Perogna- 
thus, the  anterior  end  of  the  calcaneum  is  elongate  to  about  the  same 
degree  as  is  that  of  the  astragalus,  the  two  ending  at  nearly  the  same 
level,  so  that  there  is  a very  slight  cubo-astragalar  contact,  although 
the  lateral  margin  of  the  calcaneum  extends  definitely  further  distad 
(see  fig.  153).  This  same  contact  likewise  occurs  in  some  species  of 
Paramys,  although  the  astragalus  and  calcaneum  are  so  close  to  being 
of  the  same  length  that  apparently  sometimes  this  contact  and  some- 
times the  alternative  naviculo-calcaneal  contact  occurs.  In  Cupi- 
dinimus, however,  there  is  a clearly  developed  contact  between  the 
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calcaneum  and  the  navicular,  the  medial  margin  of  the  calcaneum 
being  the  most  distal  part  of  the  bone.  In  Dipodomys,  the  anterior 
end  of  the  calcaneum  has  moved  forward  until  it  is  on  a level  with  the 
anterior  end  of  the  navicular.  In  the  specimen  of  D.  merriami  studied, 
there  was  no  calcaneal-cuneiform  contact.  In  D.  ordii  luteolus, 
A.  M.  N.  H.,  D.  C.  A.  No.  184,  the  two  bones  apparently  just  come 
into  contact  with  each  other.  In  D.  0.  luteolus  A.  E.  W.  No.  1302, 
they  do  not  quite  meet.  But  apparently  there  is  a tendency  for  this 
contact  to  develop  in  more  progressive  forms  of  Dipodomys  (see 
below,  p.  152).  The  navicular  of  Cupidinimus  resembles  that  of 
Dipodomys  in  the  long  ventral  process,  extending  anteriorly  beneath 
the  cuneiforms,  which  is,  however,  shorter  than  in  Diprionomys.  The 
process  is  shorter,  relatively,  than  that  of  Dipodomys , being,  in  Cupi- 
dinimus, only  about  twice  the  length  of  the  dorsal  surface  of  the  bone, 
while  in  Dipodomys,  it  is  about  two  and  a half  times  that  length.  The 
length  of  the  navicular  is  essentially  uniform  in  Cupidinimus,  al- 
though it  shortens  slightly,  toward  the  median  side.  The  cuboid  is 
similar  in  the  two  forms,  with  a ventral  process  approximated  to  that 
of  the  navicular.  To  these  ventral  processes  are  attached  the  tendons 
of  the  plantaris  (Howell,  1932,  fig.  20,  p.  473).  The  cuboid  of  Cupi- 
dinimus is  more  compressed  antero-posteriorly  than  in  either  Pero- 
gnathus  or  Heteromys,  but  much  less  so  than  in  Dipodomys,  correlated 
with  the  calcaneal-navicular  contact.  In  all  these  forms,  there  is  a 
dorsal  process,  on  the  median  side  of  the  cuboid,  curving  proximad, 
between  the  calcaneum  and  the  cuneiform,  although  it  is  greatly 
reduced  in  Cupidinimus  and  Dipodomys.  The  ectocuneiform  has  a 
slight  hour-glass  shape  in  its  dorsal  aspect,  definitely  suggestive  of 
Dipodomys  and  Perognathus.  The  mesocuneiform  is  much  larger  than 
in  either  Heteromys,  Perognathus  or  Dipodomys,  being  only  slightly 
smaller  than  the  ectocuneiform,  instead  of  having  only  about  half  to 
a third  of  its  surface  area.  In  this  last  respect,  Cupidinimus  seems 
very  close  to  Paramys,  and  appears  the  most  primitive  of  the  hetero- 
myids.  The  change  in  size  of  the  mesocuneiform  is  correlated  with 
the  proximal  movement  of  the  end  of  metatarsal  II. 

The  foot  is  arched  in  cross  section  much  as  in  Dipodomys,  and  more 
so  than  in  Perognathus.  The  distal  ends  of  the  metatarsals  do  not 
spread  as  much  as  in  Dipodomys,  but  definitely  more  than  in  Pero- 
gnathus. The  lateral  digits  are  longer  proportionately  than  in  either 
Perognathus  or  Dipodomys,  but  the  central  three  seem  to  make  a more 
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unified  group  than  in  Perognathus,  and  appear  quite  suggestive  of 
Dipodomys  or  Microdipodops. 

Heteromys,  Dipodomys , Microdipodops  and  Perognathus  have  all 
elongated  the  metatarsals  as  compared  to  the  tarsus,  when  contrasted 
with  Paramys,  to  a similar  extent,  Microdipodops  having  the  greatest 
elongation.  Perognathus  and  Microdipodops  have  elongated  the 
phalanges  the  most,  and  Heteromys  the  least.  Or,  in  other  words, 
the  tarsus  of  the  Perognathinae  has  increased  the  least  in  length. 
Cupidinimus  seems  most  like  Perognathus  in  these  characters.  The 
tarsus  has  increased  least  in  proportion  of  all  three  sections  of  the 
foot,  less  even  than  in  Perognathus.  In  Paramys , the  foot  is  three 
times  as  long  as  metatarsal  III.  In  all  the  other  forms,  it  is  in  the 
neighborhood  of  2.5  times  as  long,  the  figure  being  larger  in  Cupi- 
dinimus and  Heteromys  than  in  the  other  forms.  In  Cupidinimus , 
metatarsals  II-V  are  nearly  the  same  length,  the  third  being  about 
f (.42)  the  length  of  the  tibia.  In  Perognathus , III  is  .42  the  length 
of  the  tibia,  and  in  Dipodomys  .43,  essentially  as  in  Cupidinimus.  In 
Microdipodops,  III  is  .45  the  length  of  the  tibia.  In  Heteromys,  I 
and  V are  definitely  shortened,  the  others  being  subequal  in  length. 
Here  III  is  .46  the  length  of  the  tibia.  In  Paramys,  the  figure  is  .29. 
In  all  the  heteromyids,  the  hallux  is  about  the  same  proportionate  size 
as  in  Paramys.  In  Cupidinimus  and  Perognathus,  the  fifth  metatarsal 
is  about  12%  shorter  than  the  third.  In  Paramys  (Matthew,  1910, 
fig-  5),  V is  about  22%  shorter  than  III.  This  is  another  character  in 
which  Cupidinimus  seems  more  primitive  than  any  species  of  Paramys 
in  which  the  pes  is  known,  and  closer  to  Dipodomys  than  to  any  other 
heteromyid.  In  this  last  genus,  there  is  a 9 to  10%  difference  in  length 
between  III  and  V.  The  hallux  is  greatly  reduced  or  even  absent  in 
Dipodomys , a reduction  of  which  there  is  no  apparent  foreshadowing 
in  Cupidinimus . As,  however,  some  species  have  lost  the  hallux  and 
others  have  not,  it  would  seem  that  Dipodomys  is  at  present  in  a con- 
dition of  definite  evolution  as  regards  this  character,  and  apparently 
fairly  rapid  evolution,  since  there  has  not  been  an  opportunity  to  make 
great  changes  in  other  characters  to  help  differentiate  the  five-toed 
from  the  four-toed  animals.  In  Perognathus,  the  hallux  also  shows 
considerable  reduction.  The  ungual  phalanges  of  Cupidinimus  are 
about  two  fifths  as  long  as  are  the  median,  and  a third  as  long  as  the 
proximal  phalanges.  In  Dipodomys,  they  are  about  as  long  as  the  medi- 
als  and  about  half  as  long  as  the  proximals.  In  Perognathus,  the 
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unguals  are  almost  as  long  as  the  medials,  and  in  Heteromys  about 
three  fifths  as  long.  Paramys  is  about  as  Heteromys , so  the  ungual 
phalanges  of  Cupidinimus  would  seem  to  have  suffered  reduction. 

Leaving  the  pes  out  of  consideration,  both  Heteromys  and  Pero- 
gnathus  have  elongated  their  hind  limbs  to  about  the  same  degree 
when  compared  with  Paramys — 6%.  In  Cupidinimus,  the  figure  is 
18%;  in  Dipodomys,  33^3%-  Including  the  pes,  however,  Heteromys 
has  elongated  the  hind  leg  9%;  Perognathus  14%;  Cupidinimus  18%; 
and  Dipodomys  36%  as  compared  with  Paramys.  From  the  point 
of  view  of  these  ratios,  as  well  as  in  numerous  other  respects,  Heteromys 
is  the  nearest  of  the  heteromyids  to  Paramys,  and  thus,  presumably, 
the  most  primitive.  In  both  ratios,  Cupidinimus  is  intermediate 
between  Perognathus  and  Dipodomys,  but  nearer  the  former.  In 
Cupidinimus,  the  revised  intermembral  index  is  43,  as  compared  with 
35  for  Dipodomys,  43  for  Microdipodops,  48  for  Perognathus,  42  for 
Diprionomys,  50  for  Heteromys,  60  for  Neotoma,  and  53.3  for  Paramys. 
As  Cupidinimus  and  Diprionomys  have  essentially  the  same  indices 
as  does  Microdipodops,  it  would  appear  that  they  are  equally  able 
ricochetors.  There  is  a strong  correlation  among  rodents  between 
a highly  inflated  auditory  region  and  ricochetal  locomotion,  though 
the  reason  for  this  correlation  is  obscure.  The  inflated  auditory 
region  of  Cupidinimus  is  of  considerable  significance  when  taken 
together  with  the  limb  ratios  outlined  above. 

Dr.  R.  T.  Hatt  suggested  (verbal  communication)  that  the  lack  of 
fusion  of  the  cervical  vertebrae  of  Cupidinimus  (and  of  Diprionomys; 
see  below,  p.  185)  might  indicate  that  the  animal  was  not  a ricochetor, 
and  might  possibly  tend  to  out-weigh  the  evidence  of  limb  proportions. 
It  seems  logical  to  suppose,  however,  that  the  fusion  of  the  cervical 
vertebrae  would  be  an  adaptation  to  an  established  ricochetal  gait, 
and  not  a prerequisite  for  its  development.  That  is,  the  fusion  of 
the  cervicals  would  follow  the  acquisition  of  the  new  method  of 
locomotion,  by  a longer  or  shorter  period,  and  would  increase  the 
adaptation  of  the  animal  to  its  new  habits,  whereas  the  lengthening 
of  the  hind  limbs  would  of  necessity  immediately  precede  the  acquisi- 
tion of  the  ricochetal  locomotion.  Whether  the  time  interval  between 
the  development  of  ricocheting  and  the  fusion  of  the  cervicals  would 
be  long  or  short  would  depend  merely  on  the  length  of  time  before  the 
necessary  mutation  or  mutations  appeared. 

Leaving  aside  the  question  of  the  fusion  of  the  cervical  vertebrae, 
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which  seems  to  be  a lately  acquired  character  progressively  developed 
in  Dipodomys , and  one  especially  adapted  to  its  present  facies,  the 
resemblances  between  Cupidinimus  and  Dipodomys  are  extremely 
striking,  amounting  to  a demonstration  of  relationship,  and  suggesting 
that  the  former  is  at  the  very  least  the  structural  ancestor  of  the 
living  genus.  The  similarities  with  Perognathus  are  largely  resem- 
blances due  to  partial  retention  of  primitive  rodent  characters,  of 
primitive  heteromyid  characters,  to  parallel  evolution  in  similar 
stages,  or  else  turn  out,  on  closer  study,  not  to  be  real  resemblances 
at  all. 

The  restoration  of  Cupidinimus  nebraskensis  (fig.  35)  has  been  made 
from  a careful  comparison  of  the  skeletons  and  postures  of  Perognathus 
and  Dipodomys , as  well  as  from  observations  on  a living  Dipodomys , 
and  probably  represents  something  fairly  close  to  its  actual  appear- 
ance and  position  in  life.  As  cheek  pouches  are  universal  in  the  living 
members  of  the  family,  as  well  as  in  the  related  geomyids,  it  is  probable 
that  they  were  present  in  this  genus  too.  No  attempt  has  been  made 
at  a detailed  restoration  of  the  soft  anatomy,  merely  an  outline  being 
supplied  to  show  its  general  character. 

The  Valentine  matrix  is  a fine  grained  arkosic  sand,  a large  part  of 
the  grains  running  from  0.2  to  0.7  mm.  in  diameter,  with  the  smaller 
ones  forming  by  far  the  largest  quantity  of  the  matrix.  The  grains 
are  predominantly  clear,  crystalline,  white  quartz,  well  rounded,  but 
without  any  visible  pitting.  A considerable  portion  of  the  total  bulk 
— perhaps  20% — is  a very  fine  sand,  below  0.1  mm.  in  diameter.  A 
small  portion  of  the  larger  grains  are  of  other  than  the  white  quartz — 
perhaps  5%.  Of  these,  the  largest  part  seem  to  be  darker  colored 
quartz,  the  feldspars  being  largely  fine  grains.  Mr.  Howard  informs 
me  that  there  is  no  evidence  of  volcanic  material  in  the  sample  sub- 
mitted to  him. 

The  larger  part  of  the  fauna  associated  with  C.  nebraskensis  are 
forms  which  would  occur  in  a plains  facies.  The  modern  Dipodomys 
does  not  require  a desert  environment  in  the  sense  in  which  the  word 
desert  is  frequently  misunderstood — entire  absence  of  vegetation,  or 
of  any  vegetation  but  cactus.  It  lives  in  all  of  the  arid  portions  of 
western  United  States,  occurring  in  the  same  type  of  habitat  as  the 
modern  prong-horns,  the  imported  horses,  cattle  and  sheep,  the 
coyote,  the  prairie-dog,  and  numerous  other  small  rodents.  Many  of 
these  forms  have  relatives  in  the  Valentine  fauna.  There  is  a general 
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absence  of  thick  cover  of  vegetation  over  such  parts  of  the  west  as 
are  actually  occupied  by  Dipodomys,  the  main  cover  usually  being 
sage  brush,  which  is  normally  rather  sparse.  It  seems  logical  to  believe 
that  the  plains  at  the  time  of  deposition  of  the  Valentine  sands  were 
semi-arid,  similar  in  general  to  the  western  parts  of  South  Dakota  and 
Nebraska  of  today,  with  a few  streams  rising  in  the  mountains  and 
flowing  east  across  the  plains,  along  which  such  forms  as  Dipoides  and 
Teleoceras  may  have  lived.  In  an  environment  such  as  this,  the 
ricochetal  adaptations  of  Cupidinimus  would  be  of  considerable 
assistance  in  opening  a new  ecological  niche  to  its  possessor — a niche 
which  was  developing  pari  passu  with  the  increasing  aridity.  To  the 
extent  that  this  niche  was  existing  before  the  evolution  of  the  ricoche- 
tors  to  fit  it,  and  that  the  evolution  of  the  niche  preceded  and  per- 
mitted the  evolution  of  the  occupant  thereof,  the  concept  of  ortho- 
genesis could  be  applied  to  this  case.  But  this  does  not  imply  any 
tendency  within  the  animal  to  orthogenesis,  other  than  continual  muta- 
tions in  all  directions,  some  of  which  happened  to  be  in  the  direction 
of  greater  ricochetal  ability,  and  would,  therefore,  have  greater 
survival  value. 

The  sands  in  which  the  Valentine  fauna  is  entombed  would  seem 
to  represent  a former  channel  of  the  present  Niobrara  River,  which 
flows  only  a short  distance  north  of  the  exposures  from  which  the 
fossils  were  recovered,  or  the  channel  of  a tributary  stream.  The 
heteromyids  may  have  been  derived  from  owl  pellets  left  at  the  foot 
of  a tree  near  the  stream,  but  such  a preponderance  of  a single  species 
in  an  owl’s  food  is  most  unusual.  That  there  must  have  been  other 
small  rodents  in  the  vicinity  is  shown  by  the  two  or  three  specimens  of 
other  forms  in  the  author’s  collections.  The  locality  where  the  hete- 
romyids are  so  abundant  may  represent  a dune  or  sand  flat  a short 
distance  from  the  stream,  in  which  the  heteromyids  lived  and  were 
buried.  Other  possible  hypotheses,  such  as  a sub-aquatic  habitat  for 
the  animals,  appear  to  be  much  less  likely. 

Cupidinimus  magnus  (Kellogg) 

Diprionomys  magnus  Kellogg,  1910 

Figs.  65-66;  Kellogg,  1910,  fig.  18;  Hall,  1930&,  figs.  11-12. 

Cotypes:  U.  Cal.  Coll.  Vert.  Pal.  No.  12567  and  12568,  from  the 
Thousand  Creek  Pliocene  Beds  of  Humboldt  County,  Nevada. 
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Diagnosis:  Size  large;  teeth  high  crowned  but  rooted;  P4  wider 
than  M2;  M2  wider  than  Mi;  P4  wider  than  M1-3;  anterior  part  of 
masseteric  ridge  steep. 

Range:  Thousand  Creek,  Middle  Pliocene  of  Nevada  and  Benson, 
Upper  Pliocene  of  Arizona. 

One  of  the  most  significant  features  of  this  species  is  the  great  in- 
crease in  the  height  of  the  crown,  which  is  strongly  suggestive  of 
affinities  with  Dipodomys  or  Microdipodops,  though  this  species  can 
be  ancestral  to  neither  genus,  being  contemporary  with  the  earliest 
species  of  the  former,  and  differently  specialized  from  the  latter. 
The  great  length  of  the  metalophid  of  P4  (fig.  65)  differentiates  it  from 


Fig.  65.  Cupidinimus  magnus.  After  Hall,  19306,  LP4,  X 10. 


Microdipodops , and  is  close  to  what  must  have  been  developing,  at 
about  the  same  time,  in  the  ancestors  of  Dipodomys,  probably  other 
species  of  Cupidinimus.  The  masseteric  ridge  resembles  that  of  D. 
merriami  in  its  position  and  direction.  From  the  size  of  the  alveoli, 
and  from  Kellogg’s  measurements,  it  is  clear  that  the  molars  are  no 
wider  than  the  premolar,  a character  found  in  some  forms  of  Dipo- 
domys and  in  Microdipodops  (see  Table  II). 

Another  specimen,  A.  M.  N.  H.  No.  21835,  collected  by  J.  W. 
Gidley  in  March,  1924,  from  the  Upper  Pliocene  Benson  beds  near 
Benson,  Arizona,  consists  of  LP4 — M1,  with  associated  upper  incisors, 
and  is  tentatively  referred  to  this  species  (fig.  66).  The  crowns  of  the 
teeth  are  as  high  as  in  the  types  of  C.  magnus,  and  the  general  sugges- 
tion of  the  tooth  is  of  affinities  with  Dipodomys.  As  roots  are  present, 
it  can  not  belong  to  the  living  genus.  This  specimen  is  approximately 
the  same  size  as  C.  magnus.  It  is  much  worn,  but  a few  interesting 
observations  can  be  made.  The  crowns  are  higher  than  in  any  known 
Tertiary  heteromyid  other  than  the  two  contemporary  species  of 
Dipodomys  and  the  slightly  earlier  C.  magnus.  There  is  almost  no 
differentiation  between  the  two  lophs  of  P4,  which  is  very  suggestive 
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of  the  kangaroo  rats  (see  figs.  76,  82  and  84).  Such  a pattern  does  not 
appear  to  develop  in  any  other  heteromyids.  The  progressive  de- 
crease in  size  of  the  upper  molars  is  carried  much  further  than  in  C. 
nebraskensis,  although  it  is  foreshadowed  in  that  form.  Upper  in- 
cisors associated  with  the  maxilla  are  grooved  as  in  Dipodomys. 

While  this  species  is  too  late  in  time  to  have  given  rise  to  Dipo- 
domys■,  it  is  very  suggestive  of  the  intermediate  stages  that  must  have 
been  represented  in  the  ancestry  of  that  genus,  and  is  an  interesting 
and  probably  closely  related  parallel  to  that  line,  especially  in  the 
additional  character  of  having  developed  grooved  upper  incisors,  if 
the  ones  with  the  fossil  are  correctly  associated.  They  are  of  the  right 
size  and  general  appearance  to  belong  to  a heteromyid  of  this  size. 
Hall  (1930&,  p.  303)  suggested  that  this  species  had  affinities  with 
Dipodomys,  although  he  considered  it  even  closer  to  Liomys. 

It  is  highly  probable  that,  if  these  two  occurrences  were  known 
from  more  complete  and  more  comparable  material,  it  would  be  found 
that  they  should  be  specifically  separated,  but  there  is  no  valid  basis 
for  doing  so  at  the  present  time.  If  the  incisors  are  properly  asso- 
ciated with  the  Benson  specimen,  it  may  become  necessary  to  establish 
a separate  genus  for  this  form,  differing  from  Cupidinimus  in  having 
grooved  upper  incisors  and  from  Dipodomys  in  having  rooted  cheek 
teeth,  in  addition  to  other  differences  that  may  be  discovered  later. 
What  the  upper  incisors  of  the  Thousand  Creek  form  were  like,  we 
do  not  know. 

There  are  distinct  resemblances  of  this  species  to  Microdipodops, 
to  which  it  is  possible  that  it  is  related.  The  grooved  incisors,  high 
crowned  but  rooted  teeth,  the  steep  angle  of  the  anterior  end  of  the 
masseteric  crest,  the  fact  that  P4  is  the  largest  of  all  the  upper  teeth, 
all  would  fit  this  genus  as  well  as,  or  better  than,  Dipodomys.  But  C. 
magnus  is  much  larger  than  Microdipodops.  Of  much  greater  signifi- 
cance is  the  fact  that  in  the  fossil,  P4  is  definitely  tending  toward 
reduction  of  the  two  lophs,  upon  wear,  to  a single  oval,  whereas  in 
Microdipodops , the  two  columns  remain  independent  of  each  other, 
apparently  throughout  life  (Merriam,  1891,  p.  115).  The  two  lophs 
of  the  lower  premolar  of  C.  magnus  are  much  more  independent  of 
each  other  than  is  the  case  in  Microdipodops,  another  character  in 
which  the  resemblance  is  closer  to  Dipodomys.  All  specimens  of 
Dipodomys  show  that  the  pattern  of  P4  is  retained  much  longer  than  is 
that  of  any  other  tooth,  as  appears  to  be  the  case  in  C.  magnus. 
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The  occurrence  of  C.  magnus  in  the  Benson  beds  indicates  a short 
time  interval  between  that  formation  and  the  Thousand  Creek  (fig.  i). 
The  definite  interval  between  the  two  formations,  and  the  considerable 
distance  between  the  two  localities  (see  map,  fig.  156)  strengthens 
the  possibility  that  the  two  forms  would  be  separable  on  the  basis  of 
better  and  more  complete  material.  This  paper  represents  only  the 
very  early  stages  in  correlation  on  the  basis  of  heteromyids,  as  hereto- 
fore not  sufficient  material  has  been  at  hand  to  warrant  any  confidence 
in  the  results.  It  is  very  possible  that  quite  exact  correlations  could 
be  made  if  sufficient  good  material  were  available,  as  the  heteromyids 
seem  to  have  been  evolving,  in  several  different  lines,  at  a fairly  rapid 
rate  throughout  the  later  Tertiary  and  Pleistocene. 

Dipodomys  Gray,  1841 

Synonymy: 

Macrocolus  Wagner,  1846. 

Perodipus  Fitzinger,  1867. 

Dipodops  Merriam,  1890. 

Figs.  67-85;  Schreber,  1846,  PI.  239E,  fig.  3;  Baird,  1857,  PI.  51,  figs,  ia  and  e, 
2f  and  g;  Tullberg,  1899,  PI-  27>  figs-  3I~32;  Grinnell,  1922,  figs.  J-P. 

Diagnosis:  Ricochetal  form;  highly  inflated  auditory  region; 

cheek  teeth  hypsodont  and  ever-growing;  tendency  for  thinning  and 
breaking  of  the  enamel  on  the  buccal  and  lingual  margins  of  the  teeth, 
leaving  only  an  anterior  and  a posterior  blade  in  the  more  progressive 
species;  metacone  of  P4  blocks  the  median  valley,  uniting  with  both 
protocone  and  hypocone,  so  that  the  tooth  has  a U-shaped  pattern, 
with  the  valley  opening  lingually;  lophs  of  M1"2  unite  lingually  first; 
those  of  M3  unite  buccally;  lophs  of  lower  molars  unite  in  a strong 
H-pattern;  interparietal  greatly  reduced;  zygomatic  process  of  maxil- 
lary much  expanded;  deep  pit  at  base  of  coronoid  process,  containing 
mandibular  foramen;  anterior  end  of  masseteric  crest  at  an  angle  of 
about  450,  ending  in  a strong  process,  which  seems  progressively  to 
grow  upward,  enclosing  part  of  the  muscle;  contact  between  navicular 
and  calcaneum  well  developed;  sometimes  a cuneiform-calcaneal 
contact  is  present;  tail  tufted. 

Range:  Pliocene  of  Arizona;  Pleistocene  of  California;  Recent  of 
western  United  States  and  Mexico  (see  map,  fig.  156). 

The  upper  premolar  of  Dipodomys  has  the  same  general  pattern  as 
that  of  Microdipodops,  but  the  buccal  position  of  the  point  of  union 
between  the  lophs  is  brought  about  by  the  migration  of  the  metacone, 
and  not  by  that  of  the  protocone,  as  in  the  Perognathinae.  The 
tooth  does  not  preserve  the  two  distinct  columns  as  long  as  in  Micro- 
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dipodops.  In  some  specimens,  the  protoloph  appears  to  be  two  or  even 
three  cusped,  suggesting  a retention  of  the  paracone,  but  this  may  be 
a secondary  modification.  All  of  the  cusps  are  so  crowded  together 
that  it  is  possible  that  only  one  cusp  is  present  on  the  protoloph  in  all 
forms.  If  C.  nebraskensis  is  ancestral  to  Dipodomys,  any  multiplicity 
of  cusps  in  the  protoloph  of  P4  would  have  to  be  secondary,  as  there  is 
only  a single  cusp  in  the  Valentine  form. 

The  lower  premolar  has  a three-cusped  metalophid  and  a two- 
cusped  protolophid.  The  additional  cusp  has  been  developed  in  the 
middle  of  the  posterior  loph.  In  some  specimens,  at  least,  there  is  an 
anterior  cingulum  present  in  unworn  teeth,  extending  from  the  two 
margins  of  the  tooth,  sometimes  not  quite  meeting  in  the  center. 
M3  varies  greatly.  In  some  animals,  it  is  five-cusped,  lacking  a hypo- 
stylid.  In  others,  the  hypostylid  appears  to  be  present.  In  some,  the 
entire  hypolophid  is  suppressed.  In  all,  it  is  reduced.  This  is  cer- 
tainly a case  of  degeneration.  There  is  a strong  anterior  cingulum, 
arising  from  the  protostylid.  In  slightly  worn  specimens,  the  hypo- 
lophid may  appear  to  be  well  developed.  But  in  all  such  forms  that 
were  studied,  the  two  crests  that  appeared  to  be  metalophid  and 
hypolophid  were  actually  the  anterior  cingulum  and  the  metalophid. 
Otherwise,  the  patterns  of  the  teeth  are  very  similar  to  those  of 
Cupidinimus. 

In  the  lower  molars,  the  protoconid  and  hypoconid  form  the  first 
point  of  union  between  the  two  lophs,  giving  the  very  characteristic 
H-pattern.  In  the  upper  teeth,  the  lophs  of  the  first  and  second 
molars  are  normal,  uniting  lingually  first,  whereas  those  of  the  pre- 
molar and  last  molar  unite  first  at  the  buccal  side.  In  the  third  molar, 
this  is  due  to  the  accentuation  of  the  buccal  cuspule  of  the  metaloph, 
as  in  Microdipodops  (fig.  30),  which  results  in  giving  the  tooth  an  outer 
wall  of  elevated  ridges,  surrounding  a central  lake,  as  in  the  Hete- 
romyinae,  although  the  result  has  been  attained  in  a slightly  different 
manner,  and  as  an  entirely  parallel  development. 

In  the  upper  deciduous  premolar  (fig.  67  and  Baird,  fig.  le),  the 
pattern  is  quite  similar  to  that  found  in  progressive  species  of  Pero- 
gnathus,  but  approaches  even  more  closely  to  the  conditions  in  Liomys 
and  Heteromys.  There  are  three  transverse  crests — an  anterior  one, 
formed  of  a single  cusp;  a central  one  with  two  cusps;  and  a posterior 
one  with  three  cusps.  Occasionally,  as  in  D.  ordii  richardsoni,  ad- 
ditional cusps  may  occur  at  the  buccal  margins  of  the  two  posterior 
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crests,  but  the  pattern  is  very  uniform  throughout  the  genus.  The 
two  posterior  crests  correspond  to  the  two  lophs  of  the  permanent 
molar,  from  which  they  differ  in  that  the  point  of  union  of  the  lophs 
is  at  the  lingual,  instead  of  the  buccal,  margin.  In  this  respect  the 


Fig.  66.  C.  magnus,  A.  M.  N.  H.  no.  21835,  LP4 — M1,  X 10. 

Fig.  67.  Dipodomys  ordii  richardsoni,  A.  M.  N.  H.  no.  7774,  LdP4,  X 10. 

Fig.  68.  D.  m.  merriami,  A.  M.  N.  H.  no.  6878,  RdP4,  X 10. 

Fig.  69.  D.  o.  richardsoni,  A.  M.  N.  H.  no.  7774,  RdP4,  X 10. 

Fig.  70.  D.  merriami  melanurus,  A.  M.  N.  H.  no.  32335-B,  RdP4,  X 10. 

Fig.  71.  D.  agilis  simulans,  A.  M.  N.  H.  no.  5057,  RdP4,  X 10. 

Fig.  72.  D.  spectabilis,  A.  M.  N.  H.  no.  6814,  RdP4,  X 10. 

milk  tooth  is  more  primitive  than  the  permanent  one.  The  parts  of 
the  tooth  correspond  very  closely  to  those  in  dP4  of  Microdipodops 
(fig.  32),  but  the  tooth  shows  no  sign  of  being  surrounded  by  cingula 
as  in  that  form,  the  anterior  cuspule  seeming  to  be  merely  an  up- 
growth from  the  anterior  slope  of  the  protoloph,  as  appears  even  more 
to  be  the  case  in  Heteromys  and  Liomys  (see  below,  figs.  13 1,  143). 
The  buccal  cuspules  of  D.  ordii  richardsoni  appear  unique  in  the 
family. 

The  lower  milk  molar  is,  however,  much  more  variable.  It  is  possible 
to  work  out  a fairly  complete  series  of  evolutionary  stages  for  this 
tooth  within  the  few  species  of  Dipodomys  available  for  comparison. 
The  most  primitive  type  was  found  in  D.  m.  merriami  (fig.  68)  and  in 
D.  nitratoides.  In  this  type,  the  metalophid  is  formed  of  three  cusps, 
the  buccal  one  being  obviously  a hypostylid.  The  lingual  half  of  the 
protolophid  is  formed  by  two  large  cusps,  close  together,  which  appear 
to  be  the  protoconid  and  mesoconid.  Between  and  anterior  to  these 
is  another  cusp,  which  seems  to  correspond  to  the  anteroconid  of 
dP4  of  Perognathus  (fig.  25)  and  of  P4  of  Liomys  (fig.  130).  Buccal  to 
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this  and  to  the  two  main  cusps  of  the  protolophid  is  a series  of  two 
to  four  cingulum  cusps,  not  yet  greatly  differentiated  from  the  cingu- 
lum, whose  lingual  end  attaches  to  the  anteroconid.  This  tooth 
differs  from  dP4  of  Microdipodops  in  the  more  limited  extent  of  the 
cingulum,  and  the  greater  association  of  the  anteroconid  with  the 
protoconid  and  mesoconid  (fig.  33).  The  next  stage,  as  represented  by 
D.  merriami  melanurus  (fig.  69)  and  D.  ordii  richardsoni  (fig.  70) 
involves  a modification  of  the  relationships  of  the  mesoconid,  so  that 
it  unites  via  a crest  with  a second  and  more  buccal  stylid  (cusp  No.  2). 
This  seems  to  have  been  brought  about  by  a buccad  movement  of  the 
mesoconid.  Otherwise,  this  type  is  similar  to  that  described  for 
D.  m.  merriami.  In  D.  agilis,  the  mesoconid  is  moving  still  further 
buccad,  apparently  pivoting  about  the  point  where  it  meets  the 
paraconid  (fig.  71),  and  has  almost  established  direct  connection  with 
the  mesostylid.  The  primitive  connection  with  the  lingual  margin 
of  the  cingulum  is  still  retained,  though  reduced,  so  that  an  enamel 
lake  is  developed  in  front  of  the  mesoconid.  The  cingulum  cusps  are 
better  developed  in  this  species  than  in  any  other  studied,  an  ad- 
ditional cuspule  appearing  in  the  valley  between  the  protolophid 
and  metalophid.  The  number  of  stylids  varies  somewhat  in  different 
species,  and  their  mutual  homologies  are  difficult  to  determine,  but 
an  attempt  has  been  made  in  figs.  68-71  to  establish  as  exact  a homo- 
logy as  possible.  Another  variation  in  pattern  is  represented  by  D. 
spectabilis  (fig.  72).  Unfortunately,  no  unworn  specimens  of  this  type 
were  seen,  so  its  pattern  can  not  be  accurately  determined.  This 
series  of  modifications  in  the  deciduous  teeth  of  Dipodomys,  especially 
in  the  lower  one,  has  apparently  been  developing  in  a manner  all  its 
own,  nearest  to  what  has  occurred  in  Microdipodops  and  Heteromys, 
but  still  fundamentally  distinct  from  both. 

In  its  habitus  features,  both  skull  and  skeleton  of  Dipodomys 
present  a very  close  parallel  to  Microdipodops.  There  is  the  same 
inflation  of  the  bullae,  the  same  hypsodonty  of  the  cheek  teeth, 
although  it  has  been  carried  further  in  the  kangaroo  rats,  which  have 
lost  all  trace  of  roots.  The  reduction  of  the  enamel,  to  be  discussed 
below  in  the  case  of  the  individual  species,  is  without  parallel  in 
Microdipodops,  but  is  very  close  to,  if  not  identical  with,  what  has  taken 
place  in  the  related  Geomyidae,  although  occurring  at  a later  time. 
The  expansion  of  the  maxillary,  antero-posteriorly,  over  the  anterior 
portion  of  the  orbit,  uniting  with  the  lacrymal  and  frontal,  is  essenti- 
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ally  unique  among  heteromyids,  although  it  appears  to  be  foreshadowed 
in  Cupidinimus . The  temporal  fossa,  making  a notch  in  the  postero- 
lateral margin  of  the  parietal,  is  entirely  absent  in  this  genus,  and 
the  lateral  process  of  the  parietal,  separating  the  squamosal  from  the 
mastoid,  is  very  short.  The  compression  of  the  interparietal  has 
proceeded  in  much  the  same  way  and  to  much  the  same  extent  as  in 
Microdipodops.  An  important  feature  is  that  the  bullae,  although 
nearly  as  much  expanded  as  in  Microdipodops  and  more  so  than  in 
Perognathus,  essentially  do  not  expand  below  the  level  of  the  grinding 
surface  of  the  upper  cheek  teeth.  Cervical  fusion  has  proceeded  as  in 
Microdopodops  and  other  saltators  (Hatt,  1932,  pp.  637-641).  There 
are  median  ventral  foramina  in  the  caudal  vertebrae,  distinguishing 
Dipodomys  from  Microdipodops  and  other  Perognathines. 

The  hind  legs  of  Dipodomys  have  been  considerably  elongated,  the 
revised  intermembral  index  averaging  36  (see  Table  V).  This  is 
parallel  to  the  similar  modifications  in  Microdipodops  and  the  Dipo- 
didae.  Locomotion,  in  Dipodomys,  is  always  ricochetal  except  when 
the  animal  is  merely  crawling  along.  The  general  effect  of  the  ricochet 
is  much  like  that  of  a child  on  a “pogo-stick,”  or  the  rebound  of  a 
ping-pong  ball. 

The  most  important  feature  in  the  pes  of  Dipodomys  is  the  cal- 
caneal-navicular contact,  otherwise  occurring,  among  heteromyids, 
only  in  Cupidinimus.  In  all  the  specimens  of  kangaroo  rats  that  I 
have  studied,  this  contact  is  clearly  developed.  Grinnell  gives  il- 
lustrations of  the  tarsus  of  seven  specimens  of  Dipodomys,  represent- 
ing five  species  (1922,  figs.  J-P).  All  but  one  of  these  (fig.  M,  a $ 
D.  heermanni)  show  the  calcaneal-navicular  or  calcaneal-cuneiform 
contact.  This  one  appears  to  have  an  astragalar-cuboid  contact.  It  is 
certain,  however,  that  this  is  a very  rare  occurrence  in  Dipodomys. 

As  in  all  ricochetal  forms,  digits  II-IV  tend  to  converge  at  their 
distal  ends.  Another  ricochetal  adaptation  is  the  progressive  reduc- 
tion and  loss  of  the  hallux  in  some  species,  paralleling  the  jerboas. 
This  character  was  formerly  considered  the  generic  distinction  between 
Dipodomys  and  Perodipus,  but  as  all  gradations  have  been  found 
between  the  two  extremes,  and  as  the  absence  of  the  hallux  is  not 
constant,  Perodipus  is  now  generally  considered  as  a synonym  of 
Dipodomys. 

At  this  point  it  may  be  well  to  review  what  is  known  of  the  ancestry 
of  Dipodomys.  Besides  needing  a form  that  would  belong  to  the 
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Dipodomyinae,  one  would  expect  that  a middle  or  late  Tertiary  an- 
cestor would  be  developing  the  ricochetal  habitus;  the  auditory  region 
would  not  be  greatly  swollen,  but  the  mastoid  would  be  enlarging; 
the  anterior  lip  of  the  external  auditory  meatus  would  be  slightly 
swollen;  the  cheek  teeth  would  be  high  crowned  but  rooted,  with  the 
enamel  complete;  the  metacone  of  P4  blocking  the  median  valley 
and  moving  into  close  relationships  with  the  protocone;  the  inter- 
parietal much  less  reduced  than  in  the  living  Dipodomys;  the  zygo- 
matic process  of  the  maxillary  beginning  to  expand;  and  the  cal- 
caneum  not  articulating  so  broadly  with  the  navicular.  In  all  of  these 
characters,  Cupidinimus  nebraskensis  is  an  exact  fit  for  the  specifica- 
tions. The  ricocheting  was  clearly  beginning;  the  auditory  region 
is  relatively  little  swollen,  though  more  so  than  in  most  species  of 
Perognathus;  the  anterior  lip  of  the  external  auditory  meatus  is  ex- 
panding; the  interparietal  is  similar  in  configuration  to  that  of  the 
more  progressive  species  of  Perognathus;  the  cheek  teeth  are  high 
crowned,  rooted,  and  with  complete  enamel;  the  metacone  of  P4 
begins  to  block  the  median  valley;  the  zygomatic  process  of  the  maxil- 
lary is  beginning  to  expand;  and,  lastly,  the  foot  structure  and  other 
points  indicate  without  doubt  that  this  form  belongs  in  the  Dipo- 
domyinae. The  fact  that  the  specimens  of  C.  nebraskensis  were  found 
in  large  numbers  in  sand  deposits  may  indicate  a similar  type  of 
habitat  and  a similar  location  of  burrows.  It  is  true  that  the  upper 
incisor  is  grooved  in  Dipodomys  and  smooth  in  Cupidinimus , but  the 
grooved  type  must  have  been  derived  from  the  smooth  one  at  some 
time.  Of  course,  this  would  make  necessary  the  postulation  of  the 
development  of  the  grooved  type  of  incisors  at  least  once  in  each 
subfamily,  independently  of  each  other,  but  the  extreme  amount  of 
parallelism  represented  in  other  characters  makes  this  entirely  con- 
ceivable, especially  as  grooved  incisors  have  been  independently  de- 
veloped in  many  families  of  rodents — as  the  Heteromyidae,  Geo- 
myidae,  Castoroididae,  Cricetidae,  Hydrochoeridae,  and  others.  The 
common  ancestor  of  the  Perognathinae  and  Dipodomyinae,  then, 
could  not  be  found  later  than  the  Lower  Miocene,  since  the  middle 
Miocene  Mookomys  already  has  grooved  incisors,  unless  we  have  an- 
other instance  of  reversal  of  evolution,  which,  of  course,  is  perfectly 
possible. 

While  Dipodomys  appears  definitely  to  be  derivable  from  Cupi- 
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dinimus  as  far  as  the  structure  of  the  two  forms  is  concerned,  there  are, 
nevertheless,  considerable  differences  between  the  two  genera.  Hence, 
it  might  be  argued  that  Dipodomys,  appearing  as  early  as  the  Upper 
Pliocene,  has  not  had  sufficient  time  to  have  evolved  from  the  Lower 
Pliocene  Cupidinimus.  But  it  must  be  remembered  that  Dipodomys 
is  essentially  a desert  form,  and  that  its  desert  adaptations  could  not 
develop  before  the  deserts  did,  but  that  once  there  were  such  con- 
ditions available  for  the  genus,  the  evolution  might  well  proceed  with 
great  rapidity.  It  seems  well  demonstrated  that  an  animal  which 
enters  an  entirely  new  facies,  with  little  or  no  competition,  will  make 
great  progress  in  a very  limited  amount  of  time.  Thus,  it  seems 
possible  that  Dipodomys  may  be  descended  from  C.  nebraskensis,  and 
it  is  quite  probable  that  the  Late  Miocene  to  Early  Pliocene  ancestor 
of  Dipodomys  will  be  found  to  fall  within  the  limits  of  Cupidinimus. 

In  the  discussion  of  the  species  entered  into  below,  only  the  fossil 
species  and  such  recent  ones  as  have  been  available  to  me  in  the  col- 
lections of  the  American  Museum  were  considered.  The  object  in 
studying  the  recent  forms  in  detail  has  been  twofold:  first,  to  deter- 
mine with  what  recent  species  the  fossils  might  be  most  closely  united, 
and  second,  to  determine  whether  dental  characters  could  be  used  to 
distinguish  the  living  species  from  each  other.  Having  been  successful 
to  varying  degrees  along  both  lines,  the  results  are  included  below. 
A key  of  these  species,  for  identification  by  means  of  the  cheek  teeth, 
has  been  added,  which  could  probably  be  extended  to  include  other 
species  on  further  study.  The  American  Museum  collections  contain 
only  one  species  for  each  species-group  listed  by  Miller  (1924),  except- 
ing the  D.  merriami  group,  which  is  represented  by  two  species.  Hence, 
it  is  possible  that  the  characters  listed  below  are  those  of  the  species- 
groups  and  not  of  the  individual  species.  No  significant  differences 
were  noted  between  the  various  subspecies  of  a particular  species, 
except  for  the  variation  mentioned  above,  in  the  deciduous  premolar 
in  D.  merriami.  In  part,  at  least,  this  may  be  due  to  the  small  series 
of  specimens  available  showing  unworn  teeth,  and  the  limited  amount 
of  time  available  to  study  these  forms.  As  published  figures  of  the 
teeth  of  Dipodomys  are  conspicuous  by  their  absence,  several  are 
included  below.  The  only  figure  of  deciduous  teeth  with  which  I am 
familiar  is  that  in  Baird,  1857. 
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Key  to  the  Species  of  Dipodomys  in  the  American  Museum, 

Based  on  Tooth  Structure, 

1.  Crowns  of  teeth  persist  an  appreciable  time  after  all  the  teeth  have  been  erupted. 

a.  Enamel  complete  throughout  life. 

i.  small  size compactus 

ii.  medium  size f minor 

b.  Enamel  interrupted  slightly  after  much  wear. 

i.  medium  size  nitratoides 

c.  Enamel  interrupted  slightly  after  little  wear. 

i.  medium  size  merriami 

2.  Crowns  of  the  teeth  destroyed  by  or  shortly  after  the  time  the  last  tooth  has 

been  erupted. 

a.  Enamel  complete  throughout  life. 

i.  medium  size f gidleyi 

b.  Enamel  breaks  small,  developing  late. 

i.  unworn  teeth  with  oval  ends ordii 

ii.  unworn  teeth  with  square  ends agilis 

c.  Enamel  breaks  small  to  medium  in  size,  with  an  appreciable  period  before 
they  show  on  the  grinding  surface. 

i.  unworn  teeth  with  square  ends heermanni 

ii.  unworn  teeth  with  oval  ends spectabilis 

d.  Enamel  breaks  very  large,  developing  very  early. 

i.  large.  Enamel  thick deserti 

The  above  arrangement  differs  strikingly  from  that  given  by 
Grinnell  (1921),  who  lists  the  species-groups  in  order  of  increasing 
specialization  as  heermanni,  spectabilis,  phillipsii,  merriami,  ordii, 
compactus,  agilis,  microps  and  deserti.  The  chief  point  of  agreement 
between  the  two  arrangements  is  that  both  place  D.  deserti  as  the 
most  specialized.  This  divergence,  however,  should  cause  no  surprise, 
as  there  is  no  known  reason  why  the  species  that  are  the  most  special- 
ized in  one  character  should  be  equally  advanced  in  another,  although 
one  may  be  likely  to  jump  to  that  conclusion.  The  above  list,  then, 
can  merely  be  considered  to  represent  what  appears  to  be  the  classi- 
fication on  the  basis  of  increasing  specialization  of  tooth  structure 
alone. 


Dipodomys  minor  Gidley,  1922 

Fig.  73  and  Gidley,  1922,  PI.  34,  figs.  16,  16a. 

Holotype:  U.  S.  N.  M.  No.  10499,  right  lower  jaw  with  P4,  from 
the  Benson  Pliocene  of  Arizona.  Referred  specimen,  A.  M.  N.  H.  No. 
27790,  from  the  Curtis  Pliocene  of  Arizona,  right  lower  jaw  with 
P4— Ml 
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Diagnosis:  Anterior  loph  o-f  P4  much  larger  than  posterior;  enamel 
complete  on  all  portions  of  P4 — Mi,  without  any  trace  of  a break; 
Mi  much  wider  than  in  D.  compactus,  but  no  longer;  M3  more  reduced 
than  in  D.  chapmani;  jaw  more  slender  than  in  that  form. 

The  American  Museum  specimen  adds  something  to  our  knowledge 
of  this,  one  of  the  earliest  known  forms  which  can  be  referred  to  the 
genus  Dipodomys.  What  we  know  of  it  certainly  allows  it  to  be 
classed  as  one  of  the  most  primitive  species  of  the  genus,  in  that  it  has 
no  signs  of  having  developed  the  enamel  breaks  so  characteristic  of 
the  more  progressive  species — nor  is  there  any  trace  of  grooving  on  the 
sides  of  the  teeth,  the  initial  stage  in  the  development  of  interrupted 
enamel,  except  very  far  down,  well  below  the  gums.  And  the  teeth 
of  this  specimen  are  well  worn.  The  alveoli  of  Mi_2  are  of  about 
equal  width,  and  are  wider  than  is  that  of  P4.  This  is  one  difference 
from  D.  compactus , in  which  M2  is  definitely  smaller  than  Mi,  and  of 
about  the  same  width  as  P4,  the  fossil  representing  a more  primitive 
stage  than  the  living  species.  The  wear  has  proceeded  to  the  point 
where  all  trace  of  the  crown  pattern  has  been  lost  on  the  molar,  the 
cusps  of  the  premolar  have  been  entirely  worn  away,  and  the  in- 
vaginations are  becoming  rapidly  destroyed.  The  premolar  is  quad- 
rangular. The  invaginations  of  this  tooth  would  be  entirely  destroyed 
before  the  slight  grooves  on  the  sides  of  the  posterior  loph  came  near 
the  grinding  surface.  The  rear  end  of  the  jaw  is  broken  away,  and  the 
base  of  the  molar  is  clearly  shown.  It  is  of  the  typical,  open,  ever- 
growing type  found  in  the  living  species,  and  shows  no  traces  what- 
ever of  roots.  The  symphysis  is  short.  The  masseteric  crest  is  simple, 
without  the  overgrowth  to  be  found  in  D.  spectabilis  and  other  forms. 
The  anterior  end  of  the  crest  forms  a much  more  prominent  knob  than 
in  D.  spectabilis , much  as  it  does  in  D.  compactus.  There  is  no  evidence 
of  any  grooving  in  the  lower  incisor. 

D.  minor , then,  is  one  of  the  most  primitive  known  species  of 
Dipodomys  with  regard  to  the  length  of  the  symphysis,  the  characters 
of  the  masseteric  crest,  and  the  absence  of  interruptions  of  the  enamel. 
Its  relationships  seem  to  be  closer  to  D.  compactus  than  to  any  of  the 
other  recent  forms  studied. 

D.  gidleyi  n.  sp.  (Fig.  74.) 

Holotype:  A.  M.  N.  H.  No.  21848,  right  lower  jaw,  with  P4  to  M3 
in  fragmentary  condition,  collected  by  J.  W.  Gidley,  March  10, 
1924,  from  the  Stegomastodon  arizonae  excavation,  Curtis  Flats,  near 
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Benson,  Arizona.  Some  associated  limb  bones  appear  to  belong  to 
the  same  individual. 

Diagnosis:  Enamel  complete  throughout  life;  protolophid  of  P4 
narrower  than  metalophid  but  longer;  P4  narrower  than  Mi-2;  M3 
not  greatly  reduced. 

I take  great  pleasure  in  naming  this  species  after  Dr.  James  W. 
Gidley,  in  recognition  of  his  extensive  work  in  vertebrate  paleontology 
in  general,  and  on  the  classification  of  rodents  in  particular.  The 
name  is  rendered  especially  approprate  in  that  this  specimen  was 
collected  by  Dr.  Gidley  himself. 

Although  the  crowns  of  the  teeth  of  the  holotype  are  considerably 
broken,  the  lower  portions,  in  the  alveoli,  are  essentially  complete, 
and  permit  the  reconstruction  of  the  pattern  as  given  in  fig.  74.  Even 
if  the  molars  had  not  already  attained  the  pattern  shown,  they  cer- 
tainly would  acquire  it  after  further  wear.  This  species  is  quite  dis- 
tinct from  the  contemporary  D.  minor.  It  does  not  have  the  groove 
between  the  protoconid  and  mesoconid  of  P4,  even  though  the  holo- 
type is  much  less  worn  than  is  either  known  specimen  of  D.  minor. 
The  protolophid  is  proportionately  smaller  than  in  that  species,  while 
the  metalophid  is  longer.  M4  is  considerably  wider  than  the  premolar, 
and  M2  slightly  so,  this  last  being  a distinction  from  D.  minor  and  D. 
compactus.  M3  is  less  reduced  than  either  of  those  species.  All  of  these 
characters  represent  approaches  to  D.  ordii,  to  which  D.  gidleyi  seems 
very  possibly  related. 

The  sides  of  the  teeth  show  no  traces  of  grooves  representing  the 
initial  stage  in  interruption  of  the  enamel,  which  is  definitely  a primi- 
tive character.  There  appears  to  have  been  a rapid  erosion  of  the 
crowns  of  the  teeth,  as  no  trace  of  the  pattern  appears  to  be  preserved 
on  any  of  the  molars,  even  though  the  premolar  has  not  been  long  in  use. 
The  posterior  part  of  the  jaw  is  unfortunately  not  preserved,  but 
there  apparently  was  not  as  deep  a pit  beside  M3  as  in  D.  ordii.  The 
masseteric  crest  is  peculiar  in  its  configuration,  being  horizontal  in 
the  posterior  section,  sloping  upward  at  about  450  in  the  center,  and 
then  flattening  out  again  anteriorly,  a feature  which  I have  not  ob- 
served in  any  other  heteromyid. 

The  measurements  of  the  limb  bones  seem  to  be  about  ten  percent 
smaller  than  the  corresponding  measurements  of  D.  ordii  luteolus. 
The  great  trochanter  extends  but  little  beyond  the  head.  The  tibio- 
fibula,  as  far  as  can  be  told  from  the  distal  half,  is  very  similar  to  that 
of  D.  ordii , though  proportionately  larger  than  is  the  femur.  The 
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distal  two  thirds  of  the  humerus  is  preserved,  and  is  essentially  the 
same  size  as  is  that  of  D.  ordii,  which  would  indicate  less  reduction  of 
the  fore-limb,  and  therefore  a lesser  ricochetal  adaptation.  The 
olecranon  and  half  of  a long,  slender  metatarsal  are  also  associated 
with  this  specimen. 

While  this  form  differs  from  D.  ordii , most  of  the  differences  appear 
to  consist  in  the  fossil  being  more  primitive  than  the  Recent  species, 
which  is  not  overwhelmingly  astonishing.  It  certainly  suggests  very 
strongly  that  it  either  is  ancestral  to  D.  ordii , or  else  is  very  close  to 
such  a position,  and  is  so  indicated  in  the  phylogenetic  chart  (fig.  i). 


Dipodomys  compactus  True,  1884  (Figs.  75-76.) 

This  is  definitely  the  most  primitive  living  species,  considered 
from  the  point  of  view  of  the  tooth  pattern  alone,  that  was  available 
to  me  for  study.  The  enamel  is  complete  throughout  life,  as  far  as  is 
determinable  from  the  material  in  the  American  Museum  collections. 
The  teeth  are  erupted  fairly  close  to  the  same  time,  and  the  crowns 
are  relatively  well  developed,  as  traces  of  the  pattern  may  be  seen  on 
all  of  the  teeth  at  the  same  time.  The  posterior  lophs  of  the  upper 
molars  are  definitely  shorter  than  are  the  anterior  lophs,  a condition 
especially  well  marked  on  the  third  molar,  where  the  metaloph  is 
about  half  the  length  of  the  protoloph  (fig.  75).  The  metaloph  of  M8 
is  formed  of  two  distinct  cusps,  the  entostyle  being  two  or  three  times 


EXPLANATION  OF  FIGURES 

Fig.  73.  D.  minor,  A.  M.  N.  H.  no.  27790,  RP4 — Mi,  X 10. 

Fig.  74.  D.  gidleyi,  A.  M.  N.  H.  no.  21848,  RP4 — M3,  X 10. 

Fig.  75.  D.  compactus,  A.  M.  N.  H.  no.  2732,  LP4 — M3,  X 10. 

Fig.  76.  D.  compactus,  A.  M.  N.  H.  no.  2732,  RP4 — M3,  X 10. 

Fig.  77.  Dipodomys  nitratoides,  A.  M.  N.  H.  no.  13828,  LP4 — M3,  X 10. 
Fig.  78.  D.  nitratoides,  A.  M.  N.  H.  no.  13828,  RP4 — M3,  X 10. 

Fig.  79.  D.  merriami,  A.  M.  N.  H.  no.  6824,  LP3 — M3,  X 10. 

Fig.  80.  D.  merriami,  A.  M.  N.  H.  no.  6824,  RP4 — -M3,  X 10. 

Fig.  81.  D.  ordii  luteolus,  A.  E.  W.  no.  1302,  LP4 — M3,  X 10. 

Fig.  82.  D.  ordii  luteolus,  A.  E.  W.  no.  1302,  RP4 — M3,  X 10. 

Fig.  83.  D.  agilis,  A.  M.  N.  H.  no.  4577,  LP4 — M3,  X 10. 

Fig.  84.  D.  agilis,  A.  M.  N.  H.  no.  4577,  RP4 — M3,  X 10. 

Fig.  85.  D.  heermanni,  A.  M.  N.  H.  no.  13834,  LP4 — M3,  X 10. 

Fig.  86.  D.  heermanni,  A.  M.  N.  H.  no.  13834,  RP4 — M3,  X 10. 

Fig.  87.  D.  spectabilis,  A.  M.  N.  H.  no.  35035,  LP4 — M3,  X 10. 

Fig.  88.  D.  spectabilis,  A.  M.  N.  H.  no.  35035,  RP4 — M3,  X 10. 

Fig.  89.  D.  deserti,  A.  M.  N.  H.  no.  2598,  LP4 — M3,  X 10. 

Fig.  90.  D.  deserti,  A.  M.  N.  H.  no.  2598,  RP4 — M3,  X 10. 
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as  large  as  is  the  metacone.  The  lophs  of  this  tooth  unite  first  on  the 
buccal  side,  as  is  the  case  in  the  premolar.  The  other  two  molars  unite 
first  on  the  lingual  side.  The  anterior  loph  of  M1  is  the  widest  of  the 
whole  upper  series.  From  here  caudad,  each  successive  crest  is  shorter 
than  the  preceding  one.  Crenulations  are  sometimes  present  in  the 
enamel  of  Ml  P4  is  quadrate,  as  in  all  species  studied  except  D. 
spectabilis.  No  grooves  are  present  in  the  enamel  on  the  sides  of  the 
teeth,  so  that  there  is  apparently  not  even  any  thinning  of  the  enamel, 
as  far  down  on  the  teeth  as  can  be  seen  on  any  specimen  available. 
This  is  a more  primitive  situation  than  that  existing  in  D.  minor. 
There  is  certainly  no  trace  of  any  thinning  in  the  crown  view  of  the 
teeth,  thus  differing  from  most  post-Tertiary  species  of  Dipodomys. 
There  is  a pit  with  the  mandibular  foramen  at  the  bottom  between 
M3  and  the  base  of  the  coronoid  process. 

In  the  skull,  the  mastoid  region  is  less  inflated  than  that  of  any  of 
the  other  species  of  Dipodomys  studied,  approaching  closely  to  such 
forms  of  Perognathus  as  P.  apache  (see  Table  IV).  D.  compactus 
appears  very  close  to  Cupidinimus  in  the  general  proportions  and 
arrangement  of  the  auditory  region,  and  is  probably  even  closer  to 
D.  minor.  The  interparietal  is  wider  in  D.  compactus  than  in  the  other 
species  of  Dipodomys  studied,  reaching  3.75  mm. 

On  the  basis  of  tooth  structure  and  amount  of  inflation  of  the 
auditory  region,  this  species  must  be  considered  as  one  of  the  most 
primitive,  if  not  the  most  primitive,  of  the  living  species  of  kangaroo 
rats.  The  general  aspect  of  the  teeth  appears  to  indicate  close  re- 
lationships with  D.  minor  of  the  Upper  Pliocene,  of  which  it  may  be 
a descendant. 

Dipodomys  nitratoides  Merriam,  1894  (Figs  77-78.) 

In  this  species,  also,  the  eruption  of  the  teeth  is  sufficiently  nearly 
simultaneous  so  that  the  crown  patterns  of  the  whole  series  can  be  seen 
in  the  same  animal.  The  enamel  develops  small  breaks  after  a con- 
siderable period  of  wear.  They  appear  first  on  the  buccal  margins  of 
the  upper  molars.  Mf  are  subtriangular.  The  other  cheek  teeth  are 
much  compressed  antero-posteriorly.  The  anterior  surface  of  the 
lower  incisor  is  rounded.  The  masseteric  ridge  of  the  mandible  is 
small,  and  slopes  steeply  upward.  The  symphysis  ends  at  the  level 
of  the  mental  foramen.  The  interparietal  is  1.58  mm.  wide.  The 
skull  index  is  67.5  (See  Table  V). 
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Dipodomys  merriami  Mearns,  1890  (Figs.  79-80.) 

This  species  is  of  medium  size.  The  teeth  are  all  erupted  close  to 
the  same  time,  and  the  crown  patterns  persist  for  an  appreciable 
period,  as  in  D.  minor  and  D.  compactns,  so  that  the  pattern  is  visible 
on  all  the  teeth  at  once.  The  enamel,  however,  soon  develops  in- 
terruptions at  both  buccal  and  lingual  margins.  In  P4,  there  are  four 
enamel  breaks,  at  the  buccal  and  lingual  margins  of  both  lophs.  The 
protolophid  and  metalophid  are  subequal  in  length,  a primitive  char- 
acter. P4  to  M2  are  all  almost  the  same  size,  with  little  difference  in 
any  dimensions.  The  masseteric  crest  is  nearly  horizontal,  and  termi- 
nates anteriorly  in  a knob.  The  anterior  surface  of  the  lower  incisor 
is  rounded.  A small  knob  is  present  at  the  postero-inferior  border  of 
the  infra-orbital  foramen,  for  the  attachment  of  the  edge  of  the 
masseter.  The  interparietal  is  1.9  mm.  wide  and  the  skull  index 
is  65.4. 


Dipodomys  ordii  Woodhouse,  1853  (Figs.  81-82.) 

The  patterns  of  the  teeth  of  this  species  disappear  rapidly,  though 
the  premolars  erupt  before  the  pattern  is  entirely  destroyed  on  the 
molars,  which  is  probably  essentially  the  situation  in  D.  gidleyi. 
This  species  may  be  distinguished  from  the  two  following  ones  by  the 
fact  that  the  teeth  are  oval,  not  having  square  ends.  The  interruptions 
of  the  enamel  develop  rather  late.  P4  and  M1  are  almost  of  equal 
size  (fig.  81).  The  lophs  of  M1-2  are  united  lingually  before  the  tooth 
has  been  erupted,  indicating  no  valley  at  all  between  the  protostyle 
and  the  entostyle,  which  may  be  a primitive  condition,  indicating 
lack  of  subdivision  of  the  cingulum,  but  seems  more  likely  to  be 
secondary.  The  metalophid  of  P4  is  definitely  shorter  antero-pos- 
teriorly  than  is  the  protolophid  (fig.  82).  There  are  four  enamel  breaks 
in  this  tooth,  although  the  two  at  the  ends  of  the  metalophid  do  not 
develop  until  quite  late  in  life.  The  lower  incisor  has  a flat  anterior 
face  in  most  specimens,  though  occasionally  it  is  rounded,  especially 
at  the  lateral  edge.  The  symphysis  is  short,  but  extends  to  below  the 
masseteric  ridge,  which  is  folded  up  over  the  insertion  of  the  masseter, 
and  slopes  upward,  sharply,  at  its  anterior  end.  The  interparietal 
averages  2.86  mm.  in  width,  and  the  skull  index  is  62.3. 
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Dipodomys  agilis  Gambel,  1848  (Figs.  83-84.) 

As  in  D.  heermanni,  though  to  a lesser  degree,  this  species  has 
square  buccal  ends  on  the  first  and  second  upper  and  lower  molars. 
The  break  in  the  enamel,  which  develops  quite  late  in  life,  even 
though  the  crowns  disappear  with  great  rapidity,  apparently  appears 
first  on  the  buccal  side  of  the  lower  teeth  and  the  lingual  side  of  the 
upper  ones.  The  third  molars  are  proportionately  quite  large.  The 
anterior  surface  of  the  lower  incisors  is  rounded.  The  masseteric 
ridge  slopes  upward  anteriorly,  and  has  folded  up  over  portions  of  the 
masseter,  which  are  squeezed  between  the  crest  and  the  body  of  the 
mandible.  The  interparietal  is  1.42  mm.  wide,  and  the  skull  index 
is  61. 1. 

This  species  is  also  known  as  a fossil,  occurring  in  the  Upper  Pleis- 
tocene deposits  of  Rancho  La  Brea.  Dice  (1925)  considers  the  fossils 
indistinguishable  from  D.  agilis  agilis.  This  is  the  only  living  species 
of  kangaroo  rats  that  has  as  yet  been  reported  as  fossil,  probably 
correlated  with  the  fact  that  most  of  the  better  known  Pleistocene 
localities  are  outside  the  range  of  Dipodomys  (see  map,  fig.  156). 


Dipodomys  heermanni  LeConte,  1853  (Figs.  85-86.) 

The  interruptions  of  the  enamel  in  this  form  develop  after  a fair 
amount  of  wear.  The  most  striking  peculiarity  is  the  square  buccal 
ends  of  the  first  and  second  molars.  The  crown  patterns  of  the  molars 
are  destroyed  before  the  premolars  are  erupted.  The  molars  taper 
linguad.  In  slightly  worn  teeth,  the  enamel  covers  the  square  buccal 
ends  as  a thin  band,  which  persists  for  a considerable  period  of  time. 
The  teeth  tend  to  be  compressed,  antero-posteriorly.  M3  is  as  long 
as  are  either  M1  or  M2.  The  enamel  interruptions  develop  first  on 
the  buccal  side  of  M1-2  and  the  lingual  side  of  Mi_2.  The  masseteric 
ridge  is  short,  nearly  horizontal,  and  folded  up  over  the  muscle  for 
about  half  a millimeter.  The  symphysis  reaches  the  anterior  end  of 
the  masseteric  ridge.  The  anterior  face  of  the  lower  incisor  is  rounded. 
The  interparietal  is  usually  wide,  averaging  about  2.7  mm.,  but  in 
some  specimens  it  is  very  narrow,  reaching  as  little  as  0.9  mm.  in  one 
animal.  The  skull  index  averages  62.7.  The  pit  between  M3  and 
the  base  of  the  coronoid  is  extremely  shallow,  although  it  has  the  fora- 
men at  its  bottom,  as  usual. 
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Dipodomys  spectabilis  Merriam,  1890  (Figs.  87-88.) 

This  species  is  one  of  the  two  of  large  size  that  were  studied.  The 
pattern  is  confined  to  a very  small  part  of  the  crown,  and  is  worn 
away  with  great  rapidity,  being  destroyed  on  one  tooth  before  the 
next  is  erupted.  The  enamel  breaks  are  rather  slow  in  developing, 
and  are  not  very  large  when  they  do  appear.  The  protolophid  of  P4 
is  quite  small,  although  two-cusped,  so  that  the  tooth  is  triangular 
in  outline  (fig.  88),  paralleling  the  modification  described  above  as 
occurring  in  Perognathus.  Correlated  with  this,  only  two  enamel 
breaks  occur,  those  in  the  metalophid.  This  is  the  longest  tooth, 
antero-posteriorly,  in  either  jaw.  Mi_2  are  wider  than  P4,  while  P4 
is  wider  than  M2  (fig.  87).  M3  is  slightly  reduced.  The  first  appear- 
ance of  enamel  breaks  is  on  the  buccal  side  of  the  upper  teeth  and  the 
lingual  side  of  the  lowers.  The  increase  in  size  of  the  breaks,  as  the 
tooth  wears  away,  is  slow,  with  practically  no  visible  difference  in 
their  size  from  grinding  surface  to  alveolus.  The  anterior  face  of 
the  lower  incisor  is  flat,  and  has  a distinct,  though  shallow,  groove 
near  its  center,  in  some  specimens.  This  represents  an  independent 
acquisition  of  grooving  of  the  lower  incisors,  paralleling  that  in 
Hydrochoerus,  and  not  found  in  other  heteromyids.  As  apparently  it 
is  an  individual  variation,  it  shows  the  lack  of  fundamental  signifi- 
cance of  such  a modification  among  rodents.  Whether  a shallow 
groove  represents  an  initial  step  toward  the  development  of  a deep 
groove,  or  whether  it  is  an  independent  mutation,  can  not  be  deter- 
mined. Other  than  the  depth  of  the  grooves,  there  is  no  significant 
difference  visible  between  the  groove  of  the  upper,  and  that  of  the 
lower,  incisors. 

The  masseteric  ridge  is  nearly  horizontal,  and  has  grown  dorsad, 
enclosing  a narrow  space  between  itself  and  the  mandible,  into  which 
is  crowded  part  of  the  insertion  of  the  masseter.  The  anterior  end  of 
the  crest  is  about  a third  of  the  way  from  the  alveolus  of  P4  to  that 
of  the  incisor.  The  infraorbital  foramen  seems  unusually  far  forward. 
The  interparietal  is  2.4  mm.  wide  and  the  skull  index  is  64.3. 

Dipodomys  deserti  Stephens,  1887  (Figs  89-90.) 

This  species  is  without  any  doubt  the  most  highly  specialized  of 
any  Dipodomys  that  I have  studied,  and  is  the  only  form  as  to  whose 
relative  specialization  both  Grinnell  (1921)  and  the  present  author  are 


164 


Annals  of  the  Carnegie  Museum 


vol.  XXIV 


in  agreement.  The  bullae  are  huge,  and  frequently  meet  in  the  center 
of  the  dorsal  surface  of  the  skull,  completely  hiding  the  interparietal 
and  supraoccipital  from  sight,  and  are  almost  as  much  inflated  as  in 
Microdipodops.  The  skull  index  is  66.0,  approaching  the  68.7  of  the 
latter  form.  The  maximum  width  of  interparietal  seen  in  any  speci- 
men was  0.3  mm.,  and  the  average  was  but  0.12.  The  supraoccipitals 
are  inflated  as  well  as  the  tympanies  and  the  mastoids.  There  are 
strong  knobs  for  the  masseter  postero-ventrad  of  the  infraorbital 
foramen.  The  enamel  is  very  thick  in  this  species,  reaching  a maximum 
of  0.30  mm.,  at  least  20%  greater  than  in  any  other  species  studied. 
M1-2  are  subequal  (fig.  82).  M3,  although  narrow,  is  almost  as  long 

as  P4,  and  is  longer  than  any  other  tooth  in  either  jaw.  Mi_3  are 
nearly  uniform  in  length,  but  M3  is  considerably  narrower  trans- 
versely (fig.  90).  There  are  no  grooves  at  the  sides  of  the  teeth,  be- 
cause the  enamel  plates  are  too  far  apart  to  leave  a notch  between 
themselves  as  in  other  species.  P4  is  the  last  tooth  to  develop  in- 
terrupted enamel.  These  interruptions  begin  sooner  in  this  species 
than  in  any  other,  and  increase  in  size  with  greater  rapidity.  The 
breaks  appear  to  develop  lingually  first  in  the  upper  teeth  and  in  P4, 
but  buccally  first  in  M3.  The  crown  patterns  of  the  cheek  teeth  are 
lost  with  extreme  rapidity.  The  lower  incisors  are  without  sulci,  and 
are  slightly  rounded  on  their  anterior  face.  The  masseteric  ridge  is 
high,  folded  up  over  the  masseter,  and  slants  upward  anteriorly. 

In  habitus  characters,  this  species  appears  to  approach  closer  to 
Microdipodops  than  does  any  other  member  of  the  genus,  although 
there  is  still  as  great  a gap  as  ever  between  the  two  forms  in  heritage 
characters.  The  close  parallelism  which  has  developed  is  probably 
due  to  both  being  extreme  desert  adaptations,  and  living  in  very 
similar  habitats,  with  similar  habits,  where  they  would  both  be 
affected  by  the  same  factors  of  natural  selection,  operating  on  identi- 
cal, or  similar,  series  of  mutations.  D.  deserti  is  quite  widely  separated 
from  the  other  species  of  kangaroo  rats,  and  probably  represents  an 
independent  line  since  well  into  the  Pliocene. 

It  may  be  noted  that,  in  these  last  two  species  of  Dipodomys  the 
crowns  are  worn  away  with  greater  rapidity  than  in  any  of  the  other 
species.  As  these  are  the  two  largest  species  studied,  there  is  a sug- 
gestion of  some  connection  between  size  and  the  rate  of  destruction 
of  the  teeth.  In  Dipodomys , the  occlusal  part  of  the  crown  has  not 
partaken  of  the  elongation  which  has  affected  the  rest  of  the  tooth. 
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As  the  teeth  are  larger,  absolutely,  in  the  larger  species,  it  may  be 
that  this  represents  a recent  increase  of  size,  and  that  the  occlusal 
part  of  the  crown  did  not  share  in  it,  thus  becoming  an  even  smaller 
proportion  of  the  crown  than  before.  If  this  were  the  case,  it  would 
disappear  with  greater  rapidity  than  before.  As  D.  deserti  has  the 
most  specialized  dentition  in  other  respects,  it  may  have  advanced 
beyond  the  other  forms  in  the  reduction  of  the  occlusal  part  of  the 
crown.  Or,  there  may  be  a mechanical  cause  for  the  rapid  wearing 
away,  in  that  the  larger  animals  eat  tougher  food  and  get  a larger 
quantity  of  sand  grains  into  their  mouths,  which  could  greatly  increase 
the  rate  at  which  the  teeth  were  worn  away.  The  pulps  may  grow 
faster  in  these  forms,  forcing  the  teeth  out  at  a more  rapid  rate,  and 
thus  requiring  that  they  be  worn  off  at  an  equal  rate.  If  the  teeth 
were  not  worn  off  with  sufficient  rapidity,  on  this  assumption,  the 
animal  would  soon  be  unable  to  close  his  mouth,  and  would  starve 
to  death.  Such  a happening  would  be  unlikely  to  become  established 
as  the  general  rule  in  a species.  Whatever  the  cause,  there  seems  little 
doubt  that  the  larger  the  kangaroo-rat,  the  more  rapid  is  the  wearing 
away  of  the  crowns  of  the  teeth. 

Subfamily  Heteromyinae  Coues,  1875 

Lophs  of  lower  premolars  first  unite,  when  worn,  at  the  buccal  side, 
next  at  the  lingual  side;  stylids  progressively  present  on  P4,  developing 
at  any  point  on  the  tooth;  lophs  of  upper  premolars  unite  first  at  the 
lingual  side,  next  at  the  buccal;  protoloph  of  P4  formed  of  more  than 
one  cusp;  lophs  of  upper  molars  always,  and  of  lower  molars  usually, 
unite  at  the  two  ends,  surrounding  a central  basin;  external  cingulum 
of  lower  teeth  migrates  onto  anterior  side,  and  internal  cingulum  of 
upper  teeth  migrates  onto  posterior  side,  developing  a secondary 
connection  with  the  middle  of  the  adjacent  loph,  giving  a Y-shaped 
crest;  cheek  teeth  rooted  but  progressively  high  crowned;  in  the 
hypsodont  forms,  the  whole  crown  takes  part  in  the  increase,  so  that 
the  pattern  is  preserved  for  a long  time;  upper  incisors  broad,  and  either 
smooth  or  with  shallow  sulci;  two  pairs  of  pits  for  the  pterygoid 
muscles;  ethmoid  foramen  present  in  dorsal  part  of  orbit;  bullae  never 
reach  level  of  grinding  surface  of  upper  cheek  teeth;  median  ventral 
foramina  present  at  anterior  end  of  centra  of  caudal  vertebrae; 
masseteric  crest  ends  behind  rather  than  above  mental  foramen; 
astragalo-cuboid  articulation;  fourth  metatarsal  longer  than  third; 
habitat  ranges  from  semiarid,  partially  wooded  regions  to  humid, 
heavily  forested  areas;  locomotion  predominantly  scampering,  oc- 
casionally subricochetal. 


166  Annals  of  the  Carnegie  Museum  vol.  xxiv 

Genera:  Proheteromys,  Peridiomys,  Diprionomys,  Heteromys  and 
Liomys. 

Range:  Miocene?  of  Colorado;  Miocene  of  Florida,  South  Dakota, 
Nebraska  and  Oregon;  Pliocene  of  California  and  Nebraska ; Pleistocene 
of  Yucatan;  Recent  of  Central  America  and  northern  South  America 
(Map.  fig.  157). 


Proheteromys  Wood,  1932 

Genotype:  P.floridanus  Wood,  1932. 

Diagnosis:  Cheek  teeth  bilophodont  and  in  about  the  same  stage 
of  development  as  in  Mookomys,  and  likewise  based  upon  a primarily 
sextitubercular  pattern;  upper  incisors  asulcate;  heteromyine  pattern 
developing  in  cheek  teeth;  P4  quadritubercular ; posterior  cingula  on 
lower  and  anterior  cingula  on  upper  teeth. 

Lower  Miocene  of  South  Dakota,  Middle  Miocene  of  Florida  and 
Middle  Miocene?  of  Colorado. 

The  genus  represents  the  most  primitive  stage  known  which  can 
definitely  be  included  in  the  Fleteromyinae.  P.  magnus  from  Florida 
is  more  specialized  than  the  other  species,  heading  toward  Heteromys , 
in  that  it  has  a more  progressive  development  of  the  Y-pattern  (see 
below,  p.  168)  and  a greater  height  of  crown.  P.  parvus  appears  to 
represent  an  aberrant  side  line,  due  to  its  exceptional  development  of 
the  posterior  cingulum  of  the  lower  molars — cingula  which  do  not 
appear  among  heteromyids  other  than  in  this  genus.  Probably  none 
of  the  known  species  of  the  genus  are  directly  ancestral  to  any  known 
later  forms,  but  P.  parvus  and  P.  magnus  are  strikingly  suggestive  of 
Peridiomys , and  P.  magnus , as  far  as  we  know  it,  seems  definitely  tend- 
ing toward  Heteromys , in  the  strongly  developed  Y-pattern,  which 
has  already  reached  a more  advanced  condition  than  is  to  be  found 
in  Liomys.  As  the  upper  teeth  of  Heliscomys  have  posterior,  and  the 
lower  teeth  have  anterior,  cingula,  while  the  cingula  are  on  the  other 
ends  in  Proheteromys , it  is  possible  that  the  former  genus  is  not  an- 
cestral to  the  latter.  But,  in  most  characters,  the  two  are  similar,  and 
Heliscomys , if  not  ancestral  to  the  Heteromyinae,  is  not  far  removed 
from  such  a position. 

Proheteromys  floridanus  Wood,  1932 

Figs.  91-92;  Wood,  1932,  figs.  24-25. 

Holotype:  F.  S.  G.  S.  V-5329. 

Diagnosis:  Teeth  in  almost  as  primitive  as  condition  as  in  P. 
parvus  (see  below),  except  that  P4  consists  of  two  crescentic  lophs, 
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whose  ends  are  directed  toward  each  other,  surrounding  a central 
basin;  antero-posterior  valleys  between  cusps  almost  as  deep  as  median 
valley  in  all  teeth;  Y-pattern  not  shown  on  either  holotype  or  para- 
type;  no  posterior  cingula  visible  on  lower  molars  of  known  specimen. 
Middle  Miocene  of  Florida. 

This  species  is  more  progressive  than  Heliscomys,  and  somewhat 
more  so  than  P.  parvus  ( = Mookomys  parvus  (Troxell),  Wood  1931) 


91  92 

Fig.  91.  P.  Jloridanus,  F.  S.  G.  S.  V-5329,  Holotype,  LP4 — Mi,  X io.  After 
Wood,  1932. 

Fig.  92.  P.  Jloridanus,  F.  S.  G.  S.  V-5330,  RM1,  X 10.  After  Wood,  1932. 

from  Colorado,  in  that  the  lower  premolar,  while  based  on  a quadri- 
tubercular  pattern,  thus  differing  from  Heliscomys,  consists  of  two 
concentric  lophs,  surrounding  a central  basin.  P.  parvus  is  much 
more  cuspidate,  the  individual  cones  being  essentially  distinct  entities. 
Part  of  the  difference  is  one  of  wear,  but  even  if  P.  parvus  were  worn 
to  the  same  degree  as  is  the  holotype  of  P.  Jloridanus,  the  lophs  would 
not  be  so  well  developed.  This  tooth  in  P.  jloridanus  is  more  rec- 
tangular and  more  elongate  antero-posteriorly,  representing  advances 
over  the  more  primitive  subtriangular  shape  represented  in  P.  parvus. 
An  anterior  cingulum  seems  to  be  developing  on  the  upper  molars  of 
P.  Jloridanus , which  is  probably  a point  of  resemblance  to  P.  parvus, 
although  it  is  not  so  clearly  shown  as  is  the  posterior  cingulum  in  the 
lower  teeth  of  the  latter  species.  P.  Jloridanus  shows  definite  re- 
semblances to  Liomys,  but  most  of  these  appear  to  be  primitive 
heteromyine  characters  retained  by  both  forms.  But  the  ancestor  of 
Liomys  would  seem,  at  present,  to  be  likely  to  fall  within  the  limits 
of  this  genus,  and  would  certainly  resemble  P.  Jloridanus  more  than 
it  would  any  other  known  species.  The  only  other  fossils  which  have 
any  close  similarity  to  Liomys  are  the  species  of  Peridiomys,  which 
have  established  themselves  as  an  aberrant  line,  having  developed  the 
H-pattern  in  the  lower  molars.  Peridiomys  is  very  likely  descended 
from  a form  close  to,  but  probably  not  identical  with,  Proheteromys 
Jloridanus,  as  it  seems  improbable,  on  geographic  grounds,  that  a 
species  of  small  rodents  living  in  Florida  should  be  actually  ancestral 
to  a genus  living  in  Oregon  and  Nebraska,  or  to  one  living  in  Central 
and  South  America. 
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P.  magnus  Wood,  1932 

Figs.  93-96;  Wood,  1932,  figs.  26-29. 

Ilolotype:  F.  S.  G.  S.  V-5332;  paratypes,  F.  S.  G.  S.  V-5333  and  5334. 

Diagnosis:  Size  large;  progressively  lophodont;  roots  greatly  elon- 
gate; posterior  cingulum  slightly  developed  in  lower  teeth;  Y-pattern 
strongly  foreshadowed. 

Middle  Miocene  of  Florida. 

P4  is  quinquecuspidate,  with  two  cusps  in  the  protoloph,  the  inner 
apparently  being  a protostyle,  which  removes  this  species  from 


93  94  95  96 

Fig.  93.  P.  magnus,  F.  S.  G.  S.  V-5332,  Holotype,  LP4,  X 10.  After  Wood, 
1932. 

Fig.  94.  P.  magnus,  F.  S.  G.  S.  V-5333,  LM2,  X 10.  After  Wood,  1932. 

Fig.  95.  P.  magnus,  F.  S.  G.  S.  V-5334,  RM3,  X 10.  After  Wood,  1932. 

Fig.  96.  P.  magnus,  F.  S.  G.  S.  V-5336,  LdP4,  X 10.  After  Wood,  1932. 

possible  relationship  to  the  other  subfamilies  of  heteromyids,  in  which 

the  protoloph  of  P4  is  formed  from  the  protocone  alone.  An  incipient 
lingual  movement  of  the  hypocone,  causing  it  to  reach  as  far  lingually 
as  does  the  entostyle,  is  developing  the  first  stages  of  the  J-pattern 
so  clearly  shown  in  Heteromys  (fig.  93,  and  below,  fig.  133).  This 
J-pattern  is  caused  by  the  lingual  margin  of  the  entostyle  uniting 
with  the  lingual  margin  of  the  hypocone,  as  the  tooth  is  worn,  so  that 
the  metaloph  becomes  J-shaped.  In  the  lower  molars  (fig.  94-95), 
the  similar  buccal  movement  of  the  protoconid  toward  the  proto- 
stylid  has  made  a deep  fold  between  these  two  cusps,  and  caused  a 
migration  of  the  external  cingulum  to  the  anterior  side  of  the  tooth, 
where  it  becomes  an  anterior  cingulum.  A result  is  to  give  the  loph 
the  shape  of  a Y,  whence  it  is  referred  to  as  the  Y-pattern.  This 
migration  is  definitely  beginning  in  P.  magnus , though  not  yet  com- 
pleted. At  the  same  time,  the  buccal  movement  of  the  protoconid,  as 
well  as  the  crowding  due  to  the  presence  of  the  protostylid  on  its  an- 
terior face,  has  caused  a shift  in  direction  of  the  main  axis  of  the  meta- 
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lophid,  so  that  there  is  a noticeable  bend  in  its  center,  between  the 
protoconid  and  the  metaconid.  This  is  very  definitely  foreshadowing 
the  sharp  change  of  direction  to  be  found  in  Heteromys.  The  posterior 
cingulum  of  M2  seems  to  be  either  in  an  incipient  stage  of  development, 
or  else  is  being  lost  by  this  species, — which,  it  is  impossible  to  deter- 
mine, although  the  former  seems  intrinsically  the  more  likely. 5a  The 
tooth  identified  by  Wood  (1932,  p.  48)  as  RM3  seems,  on  further 
study,  more  probably  to  be  RM3.  There  is  a strong  incipient  Y-pattern 
in  the  anterior  loph,  and  no  trace  of  anything  like  a posterior  cingulum, 
or  anything  else  which  might  have  given  rise  to  the  posterior  loph  of 
M3  of  Heteromys.  As  the  Y-pattern  is  typically  developed  in  the 
anterior  loph  of  the  lower,  and  posterior  loph  of  the  upper,  molars,  in 
the  Heteromyinae,  and  as  the  two  teeth  are  otherwise  likely  to  be 
very  similar  in  a given  animal,  this  tooth  is  now  considered  to  be  M3. 
The  tooth  listed  by  Wood  as  “Heteromyid  gen.  et  sp.  indet.”  (fig. 
96,  and  Wood,  1932,  fig.  29,  p.  48)  probably  represents  a deciduous 
premolar  of  P.  magnus,  by  analogy  with  the  deciduous  premolars  of 
Perognathus,  to  which  it  bears  a considerable  resemblance  (figs.  20-22, 
and  above,  p.  101).  It  is  interesting  to  observe  that  in  the  Middle 
Miocene,  the  deciduous  premolars  of  the  Heteromyinae  were  as  far 
advanced  as  the  corresponding  teeth  of  some  species  of  modern 
Perognathus , and  were  in  practically  the  same  state  of  evolution  as 
was  the  permanent  premolar  of  the  same  form,  except  for  the  greater 
development  of  the  cingulum. 

The  evolutionary  and  paleogeographic  problems  suggested  by  the 
occurrence  of  these  two  species  in  Florida,  so  far  removed  from  the 
present  habitat  of  any  member  of  the  family,  cannot  be  solved  until 
considerable  additional  material  shall  have  been  collected.  It  is 
entirely  futile  to  attempt  to  define  the  exact  relationships  of  the 
different  species,  especially  when  they  are  represented  by  such  frag- 
mentary material,  but  there  can  be  little  doubt  of  the  fundamental 
structural  relationship  between  P.  magnus  and  Heteromys , and  that 
both  of  those  forms,  together  with  Peridiomys,  Diprionomys  and 
Liomys,  can  all  be  derived  from  an  animal  whose  dental  structure 
would  be  close  to  that  of  P.  fioridanus,  as  far  as  can  be  told  at 
present. 

5aSince  this  was  written  additional  material  has  come  to  hand  suggesting  that 
the  posterior  cingulum  may  be  primitive  and  is  being  lost  in  this  form. 
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Proheteromys  matthewi  n.  sp.  (Fig.  96a.) 

Holotype:  A.  M.  N.  H.  No.  12896a. 

Horizon  and  Locality : Upper  Rosebud,  3 miles  east  of  Porcupine 
Butte,  South  Dakota. 

Diagnosis:  P4  quadrate,  with  heteromyine  pattern  clearly  forecast; 
Mi  and  P4  both  with  no  trace  of  posterior  cingulum. 


Fig.  96a.  Proheteromys  matthewi,  holotype,  A.  M.  N.  H.  no.  12896a,  RP4 — Mi, 
X 10. 

This  species  seems  distinctly  more  primitive  than  any  hitherto 
known  member  of  the  genus,  having  no  peculiar  features  in  its  con- 
struction except  the  approximation  of  the  anterior  ends  of  the  proto- 
conid  and  mesoconid  of  P4.  This  is  one  of  the  two  specimens  men- 
tioned by  Matthew  (1907,  p.  214)  as  being  Rosebud  relatives  of 
Heteromys.  The  other  and  larger  one  is  being  referred  elsewhere  to 
the  John  Day  geomyid,  Pleurolicus  leptophrys.  These  two  specimens 
are  the  Miocene  heteromyids  mentioned  in  text  books  (see  especially 
Osborn,  1910,  p.  287  and  Scott,  1913,  p.  238). 

Proheteromys  parvus  (Troxell),  1923 

Synonymy: 

Diplolophus  parvus  Troxell,  1923. 

Heliscomys  parvus  (Troxell),  Hay,  1930. 

Mookomys  parvus  (Troxell),  Wood,  1931. 

Fig.  5;  Troxell,  1923,  figs.  3-5;  Wood,  1931,  figs.  1 and  3;  Wood,  1933,  fig.  5. 

Holotype:  Y.  M.  No.  10362,  lower  jaw  with  P4 — M3,  from  Colorado. 

Diagnosis:  P4  formed  of  four  widely  separated  cusps,  the  anterior 
pair  diverging  toward  the  rear,  so  that  further  wear  would  form  an 
anterior  crescent  with  the  concavity  facing  caudad;  posterior  cingula 
on  P4 — M2;  M3  bears  a small  hypostylid;  very  early  stage  in  the 
development  of  the  Y-pattern  shown  on  metalophids  of  Mi_3;  P4 
subtriangular. 

The  exact  relationships  of  this  species  are  still  uncertain,  but  the 
characters  as  given  above  warrant  its  inclusion  in  this  genus.  The 
close  approach  of  the  protoconid  and  mesoconid  of  P4  to  each  other 
would  not  necessarily  be  a primitive  condition,  but  might  merely  be 
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the  initial  stage  in  the  development  of  a crescentic  metalophid,  seen 
to  better  advantage  in  P.  floridanus.  It  is  quite  likely,  however,  that 
the  triangular  character  of  the  tooth  is  due  to  recent  enlargement  of 
the  mesoconid  shown  in  its  earliest  state  in  Heliscomys  senex , and  that 
they  have  not  yet  moved  far  apart.  The  protoconids  and  protostylids 
of  Mi_3  are  developing  a sub-parallel  trend,  although  it  is  definitely 
more  primitive  is  this  respect  than  is  P.  magnus.  The  significance 
of  this  tendency  and  of  the  pattern  of  the  premolar,  as  well  as  of  the 
posterior  cingula,  all  of  which  show  strong  relationships  with  the 
Heteromyinae  in  general  and  Proheteromys  in  particular,  was  entirely 
overlooked  by  Wood  (1931,  1932  and  1933).  The  hypostylid  of  M3 
is  another  suggestion  of  relationship  to  Proheteromys  and  Peridiomys. 
It  is  typically  absent  in  Perognathus  and  Heliscomys  senex , and  hence, 
presumably,  in  Mookomys.  Mi_2  are  much  more  quadrate  in  P. 
parvus  than  in  Mookomys  or  Perognathus , where  the  anterior  border  is 
quite  curved.  In  this  again  they  approach  P.  magnus  and  P.  flori- 
danus',  as  well  as  Heteromys  and  Liomys,  though  to  a lesser  extent,  and 
also  show  a much  closer  resemblance  to  the  teeth  of  H.  vetus  than  to 
those  of  the  other  species  of  Heliscomys. 

It  is  unfortunate  that  the  exact  horizon  and  locality  of  this  specimen 
are  unknown.  Troxell  in  his  original  description  (1923,  p.  157)  says 
that  both  species  of  his  genus  Diplolophus  are  from  the  Oreodon  Beds, 
Middle  Oligocene.  For  D.  parvus , he  gives  the  locality  (p.  158)  as 
“probably  Colorado.”  Mr.  G.  E.  Lewis  kindly  looked  up  the  original 
label  in  the  Yale  Peabody  Museum,  and  informs  me  that  it  “states 
only  that  the  specimen  came  from  Colorado,  and  was  found  in  strata 
presumably  of  middle  Oligocene  age.  . . . The  immediately  pre- 
ceding and  succeeding  numbers  in  the  catalogue  apply  to  unrelated 
localities”  (letter,  dated  Jan.  29,  1934).  The  only  other  heteromyids 
that  are  of  Oligocene  age  are  the  two  specimens  of  Heliscomys  vetus 
from  the  Cedar  Creek  Beds  of  Colorado,  H.  senex  from  the  Brule  of 
South  Dakota,  H.  gregoryi  from  the  Cook  Ranch  of  Montana,  and 
H.  hatcheri  of  Nebraska,  all  Middle  Oligocene.  But  Proheteromys 
parvus  is  much  more  specialized  than  any  of  these  species,  and  also 
more  so  than  the  specimens  of  Mookomys  discussed  above,  (pp.  89-90), 
from  the  Lower  Miocene.  It  is  comparable  with  the  other  species  of 
Proheteromys  from  the  Middle  Miocene.  This  suggests  the  possibility 
that  this  specimen  really  came  from  the  Middle  Miocene.  The 
Pawnee  Creek  Beds  of  Middle  to  Upper  Miocene  occur  in  the  same  part 
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of  Colorado  as  does  the  Cedar  Creek  Oligocene,  immediately  over- 
lying  it  in  some  exposures.  As  the  Pawnee  Creek  was  known  at  the 
time  Marsh’s  collecting  in  this  region  was  done,  as  there  is  a con- 
siderable microfauna  known  from  these  beds,  and  as  the  original  label 
apparently  does  not  state  the  level  with  any  certainty,  it  seems  quite 
likely  that  this  is  the  correct  horizon  for  P.  parvus , and  it  is  so  con- 
sidered in  the  rest  of  this  paper.  Another  possible  source  is  the  Lower 
Miocene  Martin  Canyon  Formation,  which  also  occurs  in  the  same 
part  of  Colorado.  But  the  close  resemblance  to  the  later  species  of 
Proheteromys , and  the  limited  fauna  known  from  the  Martin  Canyon, 
throw  the  balance  of  probability  toward  the  Pawnee  Creek.  Of 
course,  this  problem  can  only  be  settled  finally  by  the  discovery  of 
additional  material  of  this  species  in  beds  of  known  age. 

Peridiomys  Matthew,  1924 

Genotype:  P.  rusticus , Matthew,  1924. 

Diagnosis:  P4  intermediate  between  those  of  Proheteromys  and 
Liomys,  showing  initial  stage  of  development  of  anteroconids;  Y- 
pattern  established,  but  lakes  between  the  arms  of  the  Y are  ephemeral; 
H-pattern  in  lower  molars;  upper  incisors  smooth;  masseteric  crest 
gently  sloping;  jaw  not  unusually  stout. 

Range:  Middle  Miocene  of  Nebraska  and  Oregon. 

This  genus  is  represented  by  two  species,  P.  rusticus  and  P.  ore- 
gonensis  (Gazin).  It  is  very  close  both  to  Proheteromys  and  to  Di- 
prionomys , but  is  probably  not  ancestral  to  the  latter,  owing  to  the  high 
development  of  the  H-patterns.  It  is  also  distinguished  from  Di- 
prionomys  by  the  lesser  development  of  the  anteroconid  of  P4;  by  the 
lack  of  sulci  in  the  incisors;  and,  apparently,  by  the  further  develop- 
ment of  the  Y-pattern  of  the  molars.  Except  for  the  well  shown 
H-patterns,  not  represented  elsewhere  in  this  subfamily,  this  genus 
could  be  ancestral  to  all  the  later  Heteromyines. 

Peridiomys  rusticus  Matthew,  1924 

Figs.  97-98  and  Matthew,  1924,  fig.  9. 

Holotype:  A.  M.  N.  H.  No.  18894,  from  the  Lower  Snake  Creek 
Beds  of  Sioux  County,  Nebraska. 

Diagnosis:  Anteroconid  of  P4  closely  united  with  protoconid;  an- 
terior cingulum  by  mesoconid;  hypostylid  developing  on  premolar; 
deep  invagination  between  protostylid  and  protoconid  of  M4;  M4_2 


1935  Wood:  Evolution  of  Heteromyid  Rodents  173 

equal  in  size;  M3  not  greatly  reduced;  H-pattern  poorly  developed; 
size  large. 

After  cleaning  shellac  and  matrix  from  the  holotype,  I can  not 
doubt  the  correctness  of  Hall’s  belief  (1930 b)  that  this  form  is  closely 
related  to  Diprionomys.  It  is,  however,  equally  close  to  Proheteromys, 
but  retains  many  characters  distinguishing  it  from  either,  warranting 
its  retention  as  a distinct  genus. 

The  pattern  of  P4  is  quite  different  from  that  shown  in  Matthew’s 
illustration  (Matthew,  1924,  fig.  9).  Instead  of  clearly  showing  an  X- 
pattern,  with,  in  addition,  lingual  stylids,  there  is  a typical  heteromyine 
pattern  of  two  lophs  surrounding  a central  basin  (fig.  97).  There  is 
no  trace  of  the  lingual  stylids,  though  the  matrix  and  shellac  gave  the 
impression  that  such  were  present.  An  anteroconid,  not  indicated  in 
Matthew’s  figure,  is  clearly  present,  closely  united  to  the  protoconid.  A 
short  anterior  cingulum  extends  from  the  mesoconid  nearly  to  the 
anteroconid.  Mi,  when  cleaned,  clearly  shows  a valley  between  the 
protoconid  and  the  protostylid,  extending  to  the  anterior  side  of  the 
latter  indicating  a Y-pattern.  This  valley  is  quite  shallow,  as  in 
Liomys , having  been  almost  destroyed  in  Mi,  and  being  entirely  worn 
away  in  M2.  The  molars  show  clear  traces  of  the  H-pattern,  in  the  ap- 
proximation of  the  protoconid  and  hypoconid,  although  they  are  not 
yet  sufficiently  worn  to  bring  the  pattern  definitely  into  view.  The 
large  size  of  P4  and  M3  (as  may  be  told  from  its  alveolus)  is  a typical 
Heteromyine  character. 


Fig.  97.  Peridiomys  rusticus,  holotype,  A.  M.  N.  H.  no.  18894,  RP4 — M2,  X 10. 
Fig.  98.  P.  rusticus,  A.  M.  N.  H.  no.  18894,  lateral  view,  right  lower  jaw,  X 2. 
Fig.  99.  Periodomys  oregonensis,  holotype,  Cal.  Tech.,  no.  371,  LP4 — M3,  X 10. 
Fig.  ioo.  P.  oregonensis,  holotype,  Cal.  Tech.,  no.  371,  RP4 — M3,  X 10. 
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The  masseteric  crest  ends  posterad  of  the  mental  foramen,  as  in 
Heteromyines,  instead  of  above  it,  as  in  the  other  subfamilies.  The 
massive  character  of  the  jaw  noted  by  Matthew  is  due  to  incorrect 
restoration  of  the  posterior  part  of  the  mandible,  which  appears  more 
nearly  to  have  been  as  shown  in  fig.  98.  The  posterior  processes  as 
shown  by  Matthew  would  differ  fundamentally  from  the  correspond- 
ing parts  of  all  other  heteromyid  jaws.  Moreover,  broken  surfaces 
show  indubitably  that  parts  have  been  broken  off  at  the  points  shown 
in  fig.  98.  The  size  and  shape  of  these  have  been  restored  from  com- 
parison with  other  heteromyids.  In  the  portions  of  the  jaw  that  are 
preserved,  there  is  little  difference  in  proportions  from  what  occurs  in 
other  forms.  The  mandibular  foramen  is  high  on  the  ascending  ramus, 
and  there  is  no  pit  between  M3  and  the  base  of  the  coronoid  process. 

Another  jaw  (A.  M.  N.  H.  No.  18895)  from  the  same  beds  seems  to 
belong  to  this  species,  although  the  cheek  teeth  are  all  missing.  The 
size  and  proportions  of  the  jaw,  the  position  and  shape  of  the  mental 
foramen  and  masseteric  crest,  and  the  position  of  the  mandibular  fora- 
men, are  all  the  same  in  the  two  specimens. 

Peridiomys  oregonensis  (Gazin),  1932 
Diprionomys  ? oregonensis  Gazin,  1932 

Figs.  99-100;  Gazin,  1932,  PI.  6,  figs.  2,  2a,  3,  3a. 

Diagnosis:  Anteroconid  just  beginning  to  develop  between  meso- 
conid  and  protoconid  of  P4;  well  developed  H-pattern  in  lower  molars; 
Y-pattern  in  M3;  heteromyine  pattern  of  upper  teeth  clear,  with 
first  union  of  lophs  on  lingual,  and  next  on  buccal  side;  interorbital 
part  of  skull  top  much  constricted;  posterior  lophs  of  Mf  subequal  to 
anterior  lophs  of  same  teeth;  size  medium. 

Middle  to  Upper  Miocene  Skull  Springs  Beds  of  Oregon. 

This  species  is  essentially  contemporary  with  the  only  other  known 
member  of  the  genus.  Its  teeth  are  slightly  more  brachydont  than  are 
those  of  Diprionomys  agrarius,  and  less  so  than  the  earlier  Proheteromys. 
The  type  species  of  Diprionomys  consists  merely  of  a lower  jaw,  but 
the  pattern  of  its  premolar  is  much  nearer  to  that  of  D.  agrarius  than 
to  that  of  Peridiomys , and  further  advanced  than  either.  Gazin’s 
doubtful  reference  of  this  species  to  Diprionomys  was  entirely  justifi- 
able, as  this  species  was  apparently  closer  to  that  genus  than  to  any 
other  then  known. 
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The  number  of  cusps  in  the  protoloph  of  the  premolar  cannot  be 
determined  from  any  of  the  material  available,  as  they  have  all  been 
worn  sufficiently  to  destroy  all  traces  of  the  cusps.  But  the  loph  is 
quite  broad,  and  is  suggestive  of  a three-cusped  loph.  The  entostyle 
has  definitely  established  its  union  with  the  protoloph  by  moving 
forward.  This  forward  movement  has  opened  a valley  between  it  and 
the  hypocone,  which  gives  an  incipient  J-pattern.  The  formation 
of  this  pattern  (fig.  99)  has  not  proceeded  as  far  as  in  P.  magnus , 
although  the  development  of  the  protoloph  and  the  heightening  of  the 
crown  are  much  more  advanced  than  in  that  species.  The  crest  be- 
tween the  entostyle  and  the  hypocone  continues  around  to  the  pos- 
terior side  of  the  latter,  suggestive  of  the  posterior  cingula  by  which 
the  enamel  lake  on  the  crown  of  Heteromys  is  surrounded.  The  lophs 
first  unite  between  the  protoloph  and  the  entostyle,  and  next  between 
the  protoloph  and  the  metacone,  thus  enclosing  a central  lake.  M1-3 
are  similar  to  those  of  Liomys  in  their  general  appearance  and  in  the 
absence  of  lakes  in  the  crown  of  only  slightly  worn  teeth.  In  unworn 
teeth  of  Liomys , however,  lakes  are  present  on  the  metalophs.  No 
trace  of  such  was  to  be  seen  in  any  specimen  of  P.  oregonensis.  The 
crowns  are  destroyed  by  wear  progressively  from  rear  to  front.  M3 
is  not  appreciably  reduced. 

P4  shows  great  similarities  to  the  corresponding  tooth  of  P.  rusticus, 
and  approaches  Liomys  and  Diprionomys.  The  protolophid  is  still 
essentially  bicusped,  but  a small  cuspule  is  in  the  process  of  formation 
on  the  side  of  the  mesoconid,  in  the  position  of  the  anteroconid.  As 
this  cusp  is  united  with  the  protoconid  in  P.  rusticus , it  is  possible 
that  it  is  an  entirely  different  cusp  being  developed  in  this  species, 
and  that  the  distinction  between  the  two  species  is  greater  than  is 
apparent.  The  metalophid,  also  formed  of  two  cusps,  is  longer  than  in 
Proheteromys.  It  shows  no  trace  of  the  protostylid  which  occurs  in 
Peridiomys  rusticus.  The  premolar  in  P.  oregonensis  could  have  been 
derived  from  that  of  Proheteromys  fioridanus  or  P.  parvus  by  increasing 
the  length  of  the  metalophid  and  by  squeezing  together  the  ends  of 
the  protolophid,  accentuating  the  curve  of  that  crest.  The  growth 
of  the  anteroconid,  which  is  but  faintly  foreshadowed  in  this  form, 
might  tend  secondarily  to  force  the  protoconid  and  mesoconid  apart, 
resulting  in  the  situation  as  seen  in  D.  agrarius  (see  fig.  103).  If  this 
process  were  continued,  the  loph  might  become  still  straighter,  as  in 
D.  parvus. 
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In  the  lower  molars,  the  most  striking  feature  is  the  fine  develop- 
ment of  the  H-pattern.  This  interesting  pattern  has  been  acquired 
independently  at  least  three  times  among  the  heteromyids — in 
Peridiomys,  in  Dipodomys  and  in  Perognathus,  and  perhaps  another 
independent  time  in  Microdipodops.  M3  is  not  reduced.  A pit  is 
present  in  the  metalophid  of  M3,  which  seems  to  represent  an  enamel 
lake,  derived  from  a Y-pattern,  corresponding  to  the  valley  in  Mi  of 
P.  rusticus.  Except  for  this  one  lake,  no  trace  of  such  is  to  be  found  in 
the  entire  dentition.  As  wear  normally  affects  the  teeth  from  rear  to 
front,  it  is  remarkable  that  this  should  have  been  preserved  in  the 
third  molar  alone,  especially  as  the  first  molar  appears  to  have  re- 
tained the  lakes  longest  in  P.  rusticus.  The  presence  of  this  type 
of  lake,  derived  from  the  Y-pattern,  is  very  characteristic  of  the 
Heteromyinae,  although  similar  lakes  occur  in  M3  of  Dipodomys  and 
Microdipodops , but  with  a different  origin. 

As  the  top  of  the  skull  is  destroyed,  it  is  difficult  to  determine  the 
boundaries  of  the  skull  bones.  A natural  brain  cast  is  clearly  shown 
(Gazin,  1932,  pi.  6,  figs.  2a,  3a).  The  bullae  were  not  highly  expanded 
and  certainly  did  not  meet  ventrally.  The  top  of  the  skull  between 
the  orbits  is  narrow,  although  the  effect  of  narrowness  is  increased 
by  the  loss  of  the  supraorbital  portion  of  the  cranium  from  the  speci- 
mens. 

It  is  unfortunate  that  this  species,  represented  by  such  unusually 
fine  skull  material,  should  not  be  known  from  lower  jaws  with  less 
worn  teeth,  to  allow  more  complete  comparison  with  related  species. 
But  P.  oregonensis  appears  to  foreshadow  Liomys  and  Diprionomys  in 
many  characters  of  the  dentition.  It  is  definitely  on  a side-line  as 
far  as  these  are  concerned,  however,  due  to  the  development  of  the 
H-pattern  in  the  lower  molars.  This  species  is  nevertheless  close  to 
being  ancestral  to  those  genera.  It  is  smaller  than  either  P.  rusticus 
or  D.  agrarius,  the  two  most  closely  related  species,  as  well  as  more 
primitive  than  either. 


Diprionomys  Kellogg,  1910 

Genotype:  D.  parvus  Kellogg  1910,  from  the  Thousand  Creek  Beds 
of  Nevada. 

Diagnosis:  Heteromyine  type  of  P4,  consisting  of  two  subequal  lophs, 
uniting  upon  wear  at  their  ends,  and  separated  in  the  center  of  the 
tooth,  thus  surrounding  what  develops  into  an  enamel  lake;  an- 
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teroconid  large  and  distinct  from  other  cusps;  lophodont,  but  relatively 
short-crowned;  no  trace  of  additional  lophs  on  P4;  no  evidence  of 
enamel  lakes  on  the  lophs  of  the  molars;  no  H-pattern;  upper  incisors 
grooved;  anterior  part  of  masseteric  ridge  nearly  horizontal;  no 
depression  between  M3  and  the  base  of  the  coronoid  process;  loco- 
motion subricochetal. 

Lower  Pliocene  of  Nebraska  and  Middle  Pliocene  of  Nevada. 

This  genus  represents  a more  primitive  stage  in  dental  evolution 
than  do  any  of  the  recent  members  of  the  subfamily.  As  might  be 
expected  from  their  respective  geologic  horizons,  it  is  considerably 
more  advanced,  in  many  respects,  than  the  Middle  Miocene  Pro- 
heteromys  from  Florida,  and  appreciably  more  so  than  the  Middle 
Miocene  Peridiomys.  The  tendency  to  develop  lakes  on  the  lophs, 
by  the  double  union  of  the  protoconid  and  protostylid,  in  the  lower 
molars,  which  is  so  characteristic  of  Heteromys  and  is  already  de- 
veloped in  Proheteromys  and  Peridiomys , is  apparently  entirely  absent 
in  Diprionomys.  The  fact  that  its  upper  incisors  have  developed  sulci 
(in  D.  agrarius ) would  remove  it,  according  to  conservative  views 
of  evolutionary  tendencies,  from  all  possible  ancestry  to  the  living 
forms  with  smooth  incisors.  It  is  quite  probable  that  this  is  the  case, 
because  of  the  divergent  evolution  of  the  limbs  and  skull,  and  hence 
this  genus  is  indicated  as  a separate  line  on  the  phylogenetic  chart 

(fig.  1). 


Diprionomys  parvus  Kellogg,  1910 

Fig.  1 01;  Kellogg,  1910,  figs.  17a,  17b;  Hall,  1930&,  figs.  9-10. 

Holotype:  Univ.  Cal.  Coll.  Vert.  Pal.  No.  12566,  right  ramus  of 
lower  jaw  with  P4 — Mi,  from  the  Thousand  Creek  Beds  of  Humboldt 
County,  Nevada.  Cotype,  Univ.  Cal.  Coll.  Vert.  Pal.  No.  12568, 
from  the  same  locality. 

Diagnosis:  M2  (judging  from  alveoli)  wider  than  Mi;  M3  about  half 
the  size  of  M2;  protolophid  and  metalophid  of  P4  about  the  same 
length,  converging  only  slightly  at  the  two  ends;  teeth  fairly  high 
crowned. 

This  species  is  known  from  two  lower  jaws,  one  of  which  has  been 
lost.  The  teeth  are  badly  worn.  It  is  distinctly  Heteromyine  in 
aspect,  however,  due  to  the  convergence  of  the  two  lophs  of  the  pre- 
molar, surrounding  a small,  though  clearly  defined,  central  lake  (fig. 
101).  As  this  species  is  the  genotype,  and  as  all  of  the  species  formerly 
referred  to  the  genus,  with  the  exception  of  Peridiomys  oregonensis 
have  Perognathine  or  Dipodomyine  types  of  lower  premolars,  it  has 
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been  necessary  to  remove  them  to  other  genera.  The  great  length  of 
the  protolophid  of  P4  is  remarkable,  and  places  this  definitely  as  the 
most  specialized  known  member  of  a divergent  line,  developing  from 
something  similar  to  D.  agrarius,  and,  more  distantly,  from  the  type 
represented  by  Peridiomys.  The  cutting  edge  of  the  lower  incisor 
is  broad  and  straight,  suggesting  Heteromys.  The  masseteric  crest 
is  nearly  horizontal,  as  in  typical  Heteromyines. 

This  species  is  definitely  more  advanced  than  D.  agrarius  in  the 
increased  height  of  crown,  more  advanced  lophization,  and  the  in- 
crease in  length  of  the  protolophid  of  P4,  as  well  as  its  progressive 
straightening.  The  teeth  appear  to  have  considerably  elongated 
roots,  a point  of  resemblance  to  Proheteromys  magnus,  from  Florida. 
While  considering  this  species  related  to  “ Diprionomys ” tertius  and 
Perognathus,  Hall  (1930&,  p.  302)  nevertheless  realized  that  there  was 
a gap  in  the  records  here,  saying  that  11 D.  parvus  cannot  stand  as 
directly  ancestral  to  D.  tertius  in  the  phylogenetic  sense  because  the 
individual  teeth  differ  too  greatly  in  construction” — which  is,  if  any- 
thing, an  understatement. 


Diprionomys  agrarius  n.  sp.6  (Figs.  102-128.) 

Holotype:  F.  M.  No.  14932,  very  complete  skeleton,  collected  by 
Mr.  J.  H.  Quinn,  at  Quinn  Canyon,  13  miles  north-northwest  of 
Ainsworth,  at  the  Teleoceras  level,  Lower  Pliocene  Devil’s  Gulch 
Beds. 

Diagnosis:  Auditory  region  apparently  inflated,  and  ricochetal  loco- 
motion apparently  fully  acquired;  size  large;  protolophid  of  P4  curved 
as  in  Proheteromys  and  Peridiomys;  Mi  wider  than  M2;  bones  massive. 

6The  specific  name  is  given  in  honor  of  the  Field  Museum,  which  lent  me 
this  skeleton  for  study. 
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Fig.  102.  Diprionomys  agrarius,  holotype,  F.  M.  no.  14932,  Restored  Skeleton,  X Pi- 

This  species  is  represented  by  a good  skeleton  (fig.  102),  though 
the  skull  is  very  fragmentary,  and  the  upper  cheek  teeth  are  entirely 
unknown.  The  upper  incisors  are  similar  to  those  of  Heteromys, 
except  that  there  is  a shallow  groove  slightly  laterad  of  the  center  of 
the  tooth  (fig.  104).  This  groove  is  much  more  shallow  than  any 
other  seen  in  heteromyids,  except  that  occurring  in  the  lower  incisor 
of  Dipodomys  spectabilis.  As  in  Heteromys , the  lower  cheek  teeth  are 
all  of  a similar  size  (fig.  103).  Mi  is  the  widest,  but  only  slightly  wider 
than  M2.  P4  and  M3  are  narrower  than  the  others,  although  not  by  a 
great  deal,  and  are  of  about  equal  width  (see  Table  II).  P4  seems  six- 
cusped : there  are  certainly  three  cusps  in  the  protolophid,  and  probably 


Fig.  103.  D.  agrarius,  F.  M.  no.  14932,  Left  lower  jaw  with  P4 — M3,  X 10. 
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three  in  the  metalophid,  there  apparently  being  a small  hypostylid. 
The  cusps  in  the  protolophid  are  the  protoconid  and  mesoconid,  to- 
gether with  an  anteroconid  between  and  slightly  anterior  to  them. 
The  metaconid  and  hypoconid  are  clearly  indicated.  The  hypostylid 
is  already  firmly  united  with  the  hypoconid.  The  metalophid  is 
straight,  while  the  protolophid  is  sharply  crescentic,  curving  back- 
wards at  the  two  ends,  which  are  thus  approximated  to  the  ends  of  the 
metalophid,  showing  considerable  similarity  to  Proheteromys  flori- 
danus  and  to  the  two  species  of  Peridiomys.  The  stylids  of  Mi_3 
are  poorly  developed  in  comparison  to  the  other  cusps.  They  seem  but 
slightly  differentiated  from  each  other  and  from  the  cingulum,  as,  in 
Mi,  they  are  already  united,  although  the  teeth  are  but  slightly  worn. 
The  two  lophs  of  Mi  are  subequal  and  widely  separated  throughout, 
with  no  trace  of  the  H-pattern.  As  a considerable  portion  of  the 
uplands  would  have  to  be  eroded  before  the  bottom  of  the  valley  was 
reached,  it  is  somewhat  difficult  to  determine  what  the  precise  manner 
of  union  of  the  lophs  would  be.  In  M2,  however,  it  seems  certain 
that,  as  in  Heteromys,  the  next  point  of  union  would  be  between  the 
lingual  margins  of  the  lophs.  This  tendency,  however,  is  much  less 
pronounced  than  in  the  living  genera.  M3  has  but  a faint  trace  of  a 
hypostylid,  which  is  almost  entirely  fpsed  with  the  hypoconid,  but 
otherwise  this  tooth  resembles  the  other  molars.  Wear  affects  the 
teeth  progressively  from  rear  to  front. 

The  premolar  of  D.  agrarius  differs  from  that  of  D.  parvus  in  that 
the  protolophid  is  definitely  U-shaped  in  the  former,  the  two  arms 
being  directly  sharply  backward,  whereas  in  the  latter  it  is  only  slightly 
crescentic.  This  brings  the  lophs  into  much  more  certain  contact  at 
their  extremities  in  the  former  species,  and  surrounds  a much  more 
clearly  differentiated  central  basin.  As  is  usual  in  the  mid-Tertiary 
heteromyids,  the  cusps  of  the  crowns  of  the  teeth  are  much  more 
clearly  determinable  than  they  are  in  the  living  members  of  the 
family.  The  lophs  of  the  molars,  as  stated  above,  unite  on  the  buccal 
side  of  the  crown  at  a very  early  stage  in  the  life  of  the  animal.  This 
is  clearly  the  slightly  modified  ancestral  cingulum.  The  narrowness 
of  the  cingulum  is  a point  of  close  resemblance  to  the  upper  teeth 
of  Proheteromys  magnusirom  the  Miocene  of  Florida.  The  minute  size 
of  the  hypostylid  of  M3  is  decidedly  reminiscent  of  the  third  lower 
molar  in  Proheteromys  parvus , although  there  is  no  trace  in  D.  agrarius 
of  the  posterior  cingula  found  on  the  other  three  teeth  of  P.  parvus . 
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The  buccal  half  of  the  median  valleys  of  the  teeth  of  D.  agrarius 
appears  definitely  to  have  been  overdeepened,  resulting  in  the  union 
of  the  lophs  upon  wear  between  the  metaconid  and  entoconid,  whose 
sides  extend  out  into  the  valley,  forming  a subsidiary  dam.  In  both 
Mi  and  M2,  the  connection  between  the  protostylid  and  hypostylid 
is  almost  as  great  as  that  between  the  latter  and  the  hypoconid,  giving 
the  impression  that  the  valleys  open  much  more  to  the  rear  at  the 
buccal  side  than  is  actually  the  case.  In  M3,  the  lingual  bar  between 
the  lophs  is  about  as  well  developed  as  is  the  buccal  bar. 


Fig.  104.  D.  agrarius,  F.  M.  no.  14932,  Anterior  part  of  skull,  X 5. 
Missing  parts  restored  by  comparison  with  Heteromys. 


A few  fragments  of  the  skull  are  present,  on  the  basis  of  which  a 
restoration  (figs.  102  and  104)  has  been  made.  Some  of  these  are  of  an 
expectable  type,  while  some  are  quite  startling.  The  premaxillary  is 
apparently  quite  close  to  that  of  Heteromys.  There  is  no  indication  of 
any  tendency  toward  a tubular  type  of  nasals  (which  are  not  pre- 
served), such  as  is  found  in  Dipodomys.  The  zygomatic  processes  of 
both  maxillae  are  present.  They  are  about  twice  as  wide  antero- 
posteriorly  as  in  Heteromys , indicating  expansion  paralleling  Cupidini- 
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mus,  although  part  of  this  is  due  to  the  larger  size  of  this  animal. 
There  is  a strongly  marked  crest  along  the  antero-dorsal  side  of  the 
zygomatic  process,  overhanging  the  masseteric  fossa,  which  does  not 
appear  in  Heteromys.  The  surface  of  articulation  between  the  maxil- 
lary and  the  lacrymal  is  preserved,  and  indicates  a lacrymal  larger  than 
in  Heteromys.  Some  pieces  which  appear  to  be  parietal  or  mastoid  are 
present.  The  most  remarkable,  however,  of  all  the  fragments  is  the 


Fig.  105.  Right  occipitals,  Rear  view,  X 5. 

(a)  Dipodomys  ordii,  A.  M.  N.  H.,  D.  C.  A.  no.  184. 

(b)  Diprionomys  agrarius,  F.  M.  no.  14932. 

(c)  Heteromys  longicaudus,  A.  M.  N.  H.  no.  3645. 


right  occiput  (fig.  105).  This  has  a much  stronger  resemblance  to  that 
of  Dipodomys  than  to  that  of  any  other  heteromyid.  The  bone  is 
highly  compressed  transversely,  so  that  the  lateral  margins  of  the 
bone  pass  just  laterad  of  the  occipital  condyle.  The  contact  with  the 
bones  of  the  auditory  region  is  clearly  preserved  on  this  lateral  margin. 
This  great  compression  can  mean  only  one  thing — that  the  auditory 
region  had  already  become  highly  inflated,  crowding  the  occipitals 
close  together  on  the  posterior  margin  of  the  skull.  The  whole  of  the 
occipital  on  the  rear  of  the  skull  is  compressed,  which  seems  to  mean 
that  the  inflation  had  been  continued  onto  the  dorsum  of  the  skull 
as  well.  As  in  Dipodomys , the  lateral  margin  of  the  occipital  is  everted, 
forming  a much  more  sharply  demarcated  ridge  than  occurs  in  Hete- 
romys. In  this  latter  genus,  the  occipitals  spread  out  over  a large 
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portion  of  the  occiput,  and  show  no  appreciable  transverse  com- 
pression. 

The  lower  jaw  (fig.  106)  is  little  if  any  heavier  than  in  Heteromys 
or  D.  parvus , the  part  preserved  resembling  what  is  known  of  Peri- 
diomys  rusticus.  The  masseteric  crest  is  quite  similar  in  all  Hetero- 
myines,  being  essentially  horizontal,  ending  below  the  diastema,  and 
not  having  a powerful  knob  at  the  anterior  end.  The  anterior  por- 
tion of  the  crest  turns  slightly  upward,  so  as  to  avoid  the  mental 


foramen.  In  Heteromys , this  last  is  circular,  whereas  in  D.  agrarius , 
it  is  oval,  with  its  antero-posterior  diameter  about  twice  that  of  its 
dorso-ventral  one.  The  coronoid  is  slightly  higher  than  is  that  of 
Heteromys , and  the  condyloid  process  is  of  about  the  same  propor- 
tionate size.  The  angle  flares  somewhat,  and  turns  inward  at  its 
ventral  margin,  as  in  Perognathus,  apparently  indicating  an  inflated 
auditory  region  about  the  size  of  that  in  the  pocket  mouse.  There  is 
no  pit  between  M3  and  the  base  of  the  coronoid  process  either  in 
Heteromys  or  Diprionomys , and  the  mandibular  foramen  in  both 
forms  is  on  the  condyloid  process,  though  it  is  distinctly  more  anterior 
in  the  latter  form.  The  symphysis  is  broken  off  both  jaws  of  this 
specimen,  so  that  it  is  impossible  to  determine  its  exact  limitations, 
but  as  the  amount  missing  is  not  great,  it  seems  safe  to  assume  that 
it  was  short,  essentially  as  in  Heteromys. 

The  right  side  of  the  atlas  is  present.  The  vertebrarterial  foramen 
is  present  and  quite  large,  whereas  in  Heteromys  it  seems  entirely 
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absent,  its  place  being  taken  by  a groove  on  the  lateral  margin  of  the 
transverse  process,  a distinctly  specialized  condition.  The  groove 
for  the  second  cervical  nerve,  between  the  posterior  articular  facets 
of  the  atlas  and  the  transverse  process,  is  considerably  deeper  and  more 
nearly  covered  over  in  Heteromys  than  in  Diprionomys.  The  atlantal 
foramen  is  much  larger  than  in  Heteromys , and  opens  into  the  verte- 
brarterial  canal.  The  transverse  process  is  wider  than  in  Heteromys , 
with  a dorsal  and  a ventral  segment  distinctly  separated. 

The  next  vertebra  present  is  the  third  cervical  (fig.  107).  On  the 
ventral  surface  are  two  strong  ridges  converging  anteriorly  at  the 
center  of  the  rear  end  of  the  axis,  and  resembling  the  similar  ridges 
on  the  ventral  surface  of  the  axis  of  Heteromys , which,  however,  do  not 
appear  on  the  third  cervical  of  that  form.  They  are  even  more  closely 
similar  to  the  ventral  ridges  occurring  on  the  second  to  fifth  cervicals 
of  Dipodomys,  which  converge  in  a similar  manner  toward  the  rear 
end  of  the  axis  (Hatt,  1932,  p.  692,  fig.  24).  The  extension  of  these 
ridges  onto  post-axial  vertebrae  may  be  correlated  with  ricocheting 
and  modification  of  the  points  of  insertion  of  the  M.  longus  colli  which 
attaches  to  these  processes.  There  is  no  indication  of  any  fusion  of 
this' bone  with  the  adjacent  vertebrae,  or  of  any  other  fusion' of  cervical 
vertebrae  in  this  form,  and  enough  bones  are  preserved  to  show  that 
there  could  have  been  none. 

The  fourth  cervical  is  also  mostly  preserved  (fig.  108).  There  is  no 
trace  on  the  centrum  of  this  bone  of  the  diverging  ridges  described 
above,  and  the  bone,  except  for  the  difference  in  size  proportional  to 
that  between  the  two  animals,  seems  indistinguishable  from  that  of 
Heteromys. 

The  sixth  cervical  is  well  preserved  (fig.  109).  The  post-zygopo- 
physes  are  considerably  reduced  in  their  antero-posterior  dimensions. 
An  interesting  character  is  a pair  of  short  processes,  one  on  either  side 
of  the  neural  arch,  about  half  way  between  the  spine  and  the  prezygo- 
pophyses,  which  are  quite  well  developed.  No  trace  of  these  was 
observed  in  any  other  form,  except  for  a slight  roughness  in  Heteromys. 
The  spine  is  higher  than  in  Heteromys , which  may  be  due  merely  to 
the  larger  size  of  the  species.  There  are  no  ventral  ridges.  The  ventral 
lamella  of  the  transverse  process  is  longer  antero-posteriorly  than  in 
Heteromys. 

Knobs  are  present  on  the  dorsal  surface  of  the  neural  arch  of  the 
seventh  cervical,  similar  to  those  on  the  sixth  (fig.  no),  though 
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somewhat  smaller.  These  knobs  doubtless  served  for  the  attachment 
of  some  of  the  neck  muscles,  but  what  their  modification  was  which 
caused  the  development  of  the  processes,  is  uncertain.  The  neural 
arch  is  longer  antero-posteriorly  than  in  Heteromys.  As  in  that  genus, 
the  transverse  process  is  long  and  tubular,  and  is  directed  due  laterad. 
A median  ventral  ridge  occurs,  better  marked  than  in  Heteromys. 

The  next  vertebra  preserved  is  the  fourth  thoracic  (fig.  hi).  This 
bone  differs  from  that  in  Dipodomys  in  the  absence  of  notches  on  the 
posterior  margin  of  the  neural  arch,  to  either  side  of  the  spine.  In  this 
respect,  as  in  most  others,  it  is  close  to  Heteromys.  The  fifth  thoracic 
(fig.  1 12)  is  similar  to  the  fourth,  but,  as  in  Heteromys , it  has  a longer 
spine,  thus  differing  from  Dipodomys.  In  both  of  these  vertebrae,  the 
tubercular  facets  are  high  up  on  the  sides  of  the  neural  arch. 

The  eighth  thoracic  (fig.  113)  is  similar  to  that  of  Heteromys  and 
differs  from  that  of  Dipodomys.  This  is  correlated  with  the  decrease 
in  the  length  of  the  thorax  in  Dipodomys , associated  with  its  salta- 
torial  habits,  and  due  to  the  forward  displacement  of  the  center  of 
motion  of  the  vertebral  column  in  that  genus.  The  tubercular  facet 
is  moving  down  the  transverse  process  toward  the  centrum.  In  the 
ninth  thoracic  (fig.  114),  the  facet  is  on  the  side  of  the  neural  arch, 
almost  reaching  the  centrum.  This  again  is  a close  parallel  to  Hete- 
romys and  a distinction  from  Dipodomys , in  which  the  ninth  vertebra 
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EXPLANATION  OF  FIGURES 
D.  agrarius,  F.  M.  no.  14932,  Third  Cervical,  left  side,  X 5. 

D.  agrarius,  F.  M.  no.  14932,  Fourth  Cervical,  left  side,  X 5. 

D.  agrarius,  F.  M.  no.  14932,  Sixth  Cervical,  left  side,  X 5. 

D.  agrarius,  F.  M.  no.  14932,  Seventh  Cervical,  left  side,  X 5. 

D.  agrarius,  F.  M.  no.  14932,  Fourth  Thoracic,  left  side,  X 5. 

D.  agrarius,  F.  M.  no.  14932,  Fifth  Thoracic,  left  side,  X 5. 

D.  agrarius,  F.  M.  no.  14932,  Eighth  Thoracic,  left  side,  X 5. 

D.  agrarius,  F.  M.  no.  14932,  Ninth  Thoracic,  left  side,  X 5. 

D.  agrarius,  F.  M.  no.  14932,  Fifth?  Lumbar,  left  side,  X 5. 

D.  agrarius,  F.  M.  no.  14932,  Second  Caudal,  left  side,  X 5. 

D.  agrarius,  F.  M.  no.  14932,  Third  Caudal,  left  side,  X 5. 

D.  agrarius,  F.  M.  no.  14932,  Fifth?  Caudal,  left  side,  X 5. 

D.  agrarius,  F.  M.  no.  14932,  Seventh?  Caudal,  left  side,  X 5. 

D.  agrarius,  F.  M.  no.  14932,  Fourteenth?  Caudal,  left  side,  X 5. 
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is  the  anticlinal,  whereas  in  Heteromys  and  Diprionomys , the  spine, 
while  becoming  more  erect,  is  still  distinctly  directed  caudad.  The 
centrum  of  another  thoracic  vertebra  is  present,  which  may  be  the 
tenth,  partly  because  it  is  slightly  longer  than  the  ninth,  and  partly 
because  the  tubercular  facet,  which  is  barely  separable  from  the 
centrum,  suggests  the  tenth  thoracic  of  Heteromys , in  which  it  is  the 
anticlinal  vertebra. 

One  lumbar  vertebra  only  is  present,  which  is  more  suggestive  of  the 
fifth  than  of  any  other,  in  the  heavy  neural  spine  and  relatively  weak 
transverse  processes  (fig.  1 1 5) . Moreover,  there  is  a median  ventral 
foramen,  at  about  the  middle  of  the  inferior  surface  of  the  bone.  A 
similar  nutritive  foramen  occurs  in  the  same  place  in  the  last  three 
lumbar  vertebrae  of  Heteromys  longicaudus,  Dipodomys  spectabilis, 
Dipodomys  ordii  luteolus  and  Dipodomys  merriami.  The  bone  in 
Diprionomys  cannot  be  either  the  sixth  or  the  seventh  lumbar,  on 
account  of  the  size  and  shape  of  the  processes,  and  hence  is  probably  the 
fifth.  In  Dipodomys , the  median  ventral  foramen  occurs  in  the  last 
three  lumbars,  the  last  one  or  two  pseudo-sacrals,  and  in  the  caudals. 
It  is  single  except  for  the  sixth  lumbar,  where  it  is  paired.  In  Hete- 
romys, the  fifth  lumbar  has  paired  foramina,  instead  of  the  sixth.  In 
L5?  of  Diprionomys , the  foramen  is  single.  Foramina  may  occur  on 
the  ventral  surfaces  of  other  vertebrae,  but  they  do  not  have  the 
large  size  and  regular  arrangement  of  the  ones  mentioned,  which  lie 
along  the  midline,  and  are  of  uniform  size  and  shape  throughout. 

Two  of  the  anterior  caudals  (figs.  116-117)  are  preserved.  By  com- 
parison with  Heteromys , they  seem  most  similar  to  the  first  and  second 
caudals.  The  resemblance  is  much  more  striking,  however,  to  the 
second  and  third  caudals  of  Dipodomys  spectabilis , with  which  they 
are  almost  identical.  They  are  thus  assumed  to  be  these  bones. 
The  neural  arches  are  quite  characteristic,  the  anterior  end  being 
much  wider  than  the  posterior.  This  is  due  to  the  lateral  expansion  of 
the  mammillary  process  and  of  the  rest  of  the  zygopophysial  region, 
which  extends  in  a broad  horizontal  process  as  in  Dipodomys  spectabilis. 
This  process  is  not  present  in  any  of  the  other  forms  compared.  In 
Diprionomys  agrarius,  the  process,  instead  of  being  parallel  to  the 
dorsal  surface  of  the  neural  arch,  slopes  ventro-caudad  at  about  30°, 
being  more  nearly  parallel  to  the  ventral  surface  of  the  vertebra,  which 
converges  toward  the  dorsal  surface  of  the  neural  arch,  anteriorly. 
The  lateral  processes  curve  slightly  more  caudad  at  their  posterior 
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margins  than  in  Dipodomys  spectabilis,  in  which  they  are  directed  nearly 
at  right  angles  to  the  antero-posterior  diameter  of  the  bone.  The 
spine  of  what  is  here  considered  the  second  caudal  is  higher  than  that 
in  the  second  of  Dipodomys,  and  comparable  to  that  in  the  first.  The 
lateral  surface  of  the  bone  is  not  hollowed  out  as  a channel  for  the 
tendons  and  muscle  fibers  of  the  tail  muscles,  as  it  is  in  Dipodomys, 
where  the  neural  arch  and  the  transverse  process  extend  some  dis- 
tance laterally,  overhanging  the  passage.  The  transverse  process 
is  shorter  than  in  Dipodomys.  The  ventral  surface  is  less  ridged  in 
Diprionomys,  though  otherwise  quite  similar  to  that  of  Dipodomys. 
A small  median  ventral  foramen  is  present  toward  the  posterior  side 
of  the  bone  in  both  forms.  The  resemblance  to  Dipodomys  ordii  is 
definitely  more  remote  than  to  D.  spectabilis,  which  may  indicate  that 
the  resemblances  are  size  characters,  since  D.  spectabilis  and  Dipri- 
onomys agrarius  are  very  much  of  a size.  In  Heteromys,  the  lateral 
processes  are  absent,  and  there  are  quite  large  ventral  ridges.  In 
Perognathus  fallax,  the  second  caudal  is  quite  similar  to  that  of  Dipo- 
domys, though  the  lateral  processes  are  much  smaller  than  in  D. 
spectabilis  or  Diprionomys,  and  there  is  not  such  an  angle  between  the 
anterior  and  ventral  surfaces  of  the  centrum  as  there  is  in  these  two 
forms.  In  Paramys  delicatus,  the  development  of  the  lateral  processes 
is  in  about  the  same  stage  as  in  Perognathus,  but  the  transverse 
processes  of  the  first  few  caudals  differ  from  those  of  all  the  hetero- 
myids  in  being  directed  caudad  instead  of  cephalad. 

The  third  caudal  is  similar  to  the  third  of  D.  spectabilis.  The 
transverse  processes  are  shorter  than  in  that  species  and  the  spine  is 
larger.  The  ventral  surfaces  of  the  bones  are  similar  in  the  cephalad 
displacement  of  the  median  ventral  foramina.  The  larger  size  of  the 
spines  of  these  vertebrae  in  the  fossil  suggests  that  the  proximal  por- 
tions of  the  tail  were  more  fleshy  than  in  any  of  the  living  heteromyids, 
while  the  similarity  of  the  bones  to  those  of  D.  spectabilis  suggests  a 
ricochetal  habitus,  the  tail  being  used  as  in  the  kangaroo  rats. 

The  next  vertebra,  which  is  tentatively  called  the  fifth  caudal, 
differs  from  all  the  bones  with  which  it  was  compared,  being  inter- 
mediate in  character  between  the  fifth  and  sixth  of  Dipodomys  specta- 
bilis, D.  merriami,  D.  ordii,  Perognathus  fallax  and  Heteromys  longicau- 
dus,  (fig.  1 1 8).  There  is  no  trace  of  the  strong  median  dorsal  ridge 
found  in  D.  spectabilis.  The  prezygopophyses  are  much  further  apart 
than  in  any  of  the  bones  with  which  this  was  compared,  but  do  not 
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show  any  trace  of  the  lateral  expansions  of  the  first  four  caudals.  The 
notch  in  the  center  of  the  transverse  process  is  less  abrupt  than  in 
Dipodomys  or  Perognathus.  There  are  three  ridges  on  the  postero- 
ventral  part,  which  run  well  forward,  whereas,  in  Dipodomys , they  are 
limited  to  the  posterior  portion  of  the  centrum.  The  median  ventral 
foramen  is  further  forward  than  in  Dipodomys , being  placed  as  in 
Heteromys.  Indeed,  the  entire  ventral  and  dorsal  surfaces  of  this 
bone  resemble  the  latter  genus,  but  the  lateral  aspects  are  quite 
different,  the  transverse  processes  in  Heteromys  being  continuous  for 
the  whole  length  of  the  bone,  with  no  trace  of  notching,  and  of  uni- 
form width.  As  the  processes  of  the  caudal  vertebrae  of  Microdipodops 
are  notched  in  the  same  manner  as  in  Diprionomys  and  Dipodomys , 
it  suggests  very  strongly  that  this  is  a ricochetal  adaptation. 

The  next  vertebra  (fig.  119)  is  perhaps  the  seventh.  The  median 
ventral  foramen  is  forward  in  the  same  position  as  in  Heteromys , 
whereas  in  Dipodomys  it  is  in  the  middle  of  the  bone.  The  transverse 
processes  are  notched,  differing  from  Heteromys , but  the  notch  is  a long, 
gentle  curve,  as  in  the  fifth  caudal,  instead  of  being  a sharp  notch, 
as  in  the  caudals  of  Dipodomys. 

The  fourteenth  caudal  seems  to  be  the  next  preserved  (fig.  120). 
It  compares  very  favorably  with  the  corresponding  bone  of  D.  specta- 
bilis , and  differs  considerably  from  anything  seen  in  Heteromys.  The 
last  vertebra  is  the  anterior  half  of  a bone  which  is  very  suggestive  of 
the  sixteenth  caudal  of  Dipodomys. 

In  the  tail,  then,  the  curious  combination  of  characters  which 
occur  in  different  sub-families  is  continued,  with  many  resemblances 
to  Dipodomys  and  Perognathus  on  the  one  hand,  and  equally  striking 
ones  to  Heteromys  on  the  other,  indiscriminantly  mixed.  The  former 
are  probably  habitus  characters,  due  to  Diprionomys  having  ac- 
quired a sub-ricochetal  gait,  while  the  latter  seem  indicative  of  funda- 
mental relationships,  as  there  is  no  similarity  of  habitus  or  locomotion 
which  could  have  called  them  into  being. 

The  head  of  the  humerus  is  subglobular  and  essentially  continuous 
with  the  shaft,  as  in  Heteromys  (fig.  121).  The  positions  and  sizes  of 
the  greater  and  lesser  tuberosities  and  of  the  bicipital  groove  are  about 
the  same  in  the  two  forms,  though  the  groove  is  somewhat  deeper  in 
Diprionomys.  The  epiphysis  seems  a little  shorter  in  Diprionomys 
than  in  Heteromys.  The  deltoid  processes  of  the  two  forms,  are,  how- 
ever, quite  contrasting.  In  Heteromys , it  is  a long,  low  ridge,  sloping 
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Fig.  i 2 i . D.  agrarius,  F.  M.  no.  14932,  Left  humerus,  lateral  view.  X 2.5. 

Fig.  122.  D.  agrarius,  F.  M.  no.  14932,  Left  radius  and  ulna,  lateral  side,  X 2.5. 


subequally  both  proximad  and  distad.  In  Diprionomys,  however,  it  is 
very  similar  to  that  of  Dipodomys,  with  a relatively  gentle  proximal 
slope,  and  a very  steep  distal  one.  The  process  is  not  quite  as  high 
at  the  distal  end  as  in  Dipodomys , nor  is  it  thickened  as  much.  As  a 
result,  the  proximal  slope  is  not  as  steep  as  in  Dipodomys,  being  nearer 
Heteromys  in  this  respect,  while  the  distal  slope  is  about  6o°.  The 
distal  end  of  the  bone  is  almost  identical  with  that  of  Dipodomys, 
and,  to  a lesser  extent,  with  those  of  Perognathus  and  Cupidinimus, 
with  which  the  following  comparisons  could  almost  equally  well  be 
made.  The  supinator  crest  is  large  and  flaring,  instead  of  being 
slender  and  small  as  in  Heteromys.  The  entepicondyle,  as  in  Dipo- 
domys, forms  the  most  distal  part  of  the  bone,  being  extended  some 
distance  below  the  entepicondylar  foramen,  which  is  medial  to  the 
condyles  as  in  Dipodomys,  rather  than  proximal  to  them,  as  in  Heter- 
omys. The  ulnar  trochlea  is  somewhat  distal  to  the  radial,  as  in 
Dipodomys,  rather  than  at  the  same  level,  as  in  Heteromys.  There 
is  no  trace  of  fenestration  of  the  supracondylar  fossa,  as  there  is  in 
Heteromys.  This  bone  has  considerable  resemblance  to  that  of  Heter- 
omys in  the  proximal  half,  being  more  like  this  genus  than  like  any 
other  member  of  the  family,  whereas  the  distal  half  is  entirely  dif- 
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ferent,  closely  resembling  that  of  Dipodomys  and  Perognathus.  This 
is  a striking  combination  of  dissimilar  characters,  which  is  to  be  found 
throughout  the  entire  skeleton  of  the  animal.  The  humerus  is  quite 
massive.  The  respects  in  which  the  humerus  approaches  that  of 
Dipodomys , however,  are  mostly  concerned  with  characters  which 
would  be  modified  quickly  by  a change  in  the  muscles,  and  hence 
would  reflect  the  habitus  of  the  animal.  This  gives  another  instance, 
if  any  such  are  needed,  of  the  ease  with  which  bones  are  moulded  by 
muscles  when  the  latter  become  modified  in  any  manner. 

The  radius  is  remarkably  short  and  thick,  being  about  the  same 
length  as  that  of  Dipodomys  ordii,  but  almost  twice  the  thickness 
(fig.  122).  The  whole  bone  takes  part  in  the  thickening,  but  the 
distal  half  shows  it  especially  well.  It  is  equally  thickened  when 
compared  with  Heteromys.  The  curvature  is  about  the  same  in  all 
three  genera.  The  distal  part  of  the  ulna,  which  is  all  that  is  present 
in  this  specimen,  is  likewise  thickened.  On  the  postero-ventral 
surface  of  the  ulna  is  a deep  groove,  not  present  in  Heteromys , pre- 
sumably serving  as  an  origin  for  the  flexors  of  the  digits. 

The  thickening  of  the  limb  bones  is  extraordinary  in  an  animal 
which,  on  other  grounds,  appears  to  be  developing  to  a subricochetal 


Fig.  123.  D.  agrarius,  F.  M.  no.  14932,  Left  manus,  X 5. 

Missing  parts  restored  from  Heteromys. 


stage,  and  is  definitely  greater  than  anything  seen  among  recent 
heteromyids.  Perhaps  it  is  correlated  with  the  (relatively)  gigantic 
size  of  this  species. 

The  only  portion  of  the  manus  preserved  is  the  third  metacarpal, 
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15%  longer  than  in  Heteromys  (Table  III).  The  manus  (fig.  123)  is 
restored  from  that  of  Heteromys. 

The  entire  right  ilium,  most  of  the  right  ischium,  and  considerable 
portions  of  the  same  bones  of  the  left  side  are  preserved  (fig.  124). 
The  iliac  fossa  of  the  ilium  is  much  better  developed  than  in  Heteromys. 
The  knob  for  the  rectus  muscle,  anterior  to  the  acetabulum,  is  similar 
in  the  two  forms,  and  proportionately  smaller  than  in  Dipodomys. 
There  is  a deep  notch  in  the  dorsal  border,  marking  the  position  of  the 
posterior  end  of  the  sacro-iliac  joint,  which  is  much  further  forward 
in  Diprionomys  than  it  is  in  Heteromys.  The  sacro-iliac  joint  is  4.2 
mm.  high  and  7. 3 long,  giving  a ratio  of  57.5,  slightly  higher  than 
any  found  in  Heteromys  by  Hatt  (1932),  appreciably  higher  than  any 
he  found  in  Perognathus  and  Microdipodops , and  considerably  higher 
than  in  Dipodomys.  The  extreme  tip  of  the  ilium  is  considerably 
everted,  and  the  ventral  half  of  the  median  surface  is  deeply  grooved, 
anterior  to  the  sacro-iliac  joint,  for  the  sacro-spinalis  muscle.  The 
medial  wall  of  the  acetabulum  is  very  thin,  but  apparently  was  not 
fenestrated,  although  it  is  broken  through  in  the  specimen.  Pos- 
teriorly, the  acetabulum  stands  out  more  distinctly  from  the  rest  of 
the  ischium  than  in  Heteromys.  The  dorsal  notch  of  this  bone  is  in 
about  the  same  position  in  the  two  forms,  but  is  stronger  in  Dipri- 
onomys. The  pubis  appears  to  have  been  smaller  proportionately  in 
the  fossil,  though  this  is  not  certain,  as  the  only  thing  to  go  on,  in  the 
absence  of  most  of  the  bone,  is  the  anterior  tip,  in  and  immediately 
ventral  to  the  acetabulum. 

Like  the  bones  of  the  fore  limb  and  of  the  pelvis,  the  femur  is 
extremely  thick  and  massive,  apparently  a characteristic  of  the  bones 
of  this  species.  The  head  (fig.  125),  and  greater  and  lesser  trochanters 
seem  quite  similar  to  those  of  Heteromys.  The  third  trochanter  is 
slightly  higher  and  slightly  longer  than  in  that  genus.  The  shaft  is 
quite  straight,  resembling  that  of  Cupidinimus,  but  is  not  quite  as 
straight  as  in  Heteromys,  the  distal  part  being  slightly  curved.  The 
third  trochanter  is  nearer  the  proximal  end  of  the  bone  than  in 
Heteromys,  apparently  correlated  with  bipedal  locomotion. 

The  tibiofibula,  likewise,  is  heavier  for  its  length  than  in  any  other 
heteromyid  with  which  it  has  been  compared  (fig.  126),  though  it  is 
closest  to  that  of  Dipodomys  spectabilis.  The  cnemial  crest  does  not 
become  gradually  reduced  in  elevation,  but  ends  abruptly  at  its 
distal  end,  showing  close  similarity  to  Perognathus  and  Dipodomys, 
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and  in  marked  contrast  to  Heteromys.  The  median  boundary  of  the 
posterior  proximal  fossa  is  marked  by  a strong,  curving  crest,  only 
slightly  represented  in  Heteromys , where  the  low  crest  uses  up  its 
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Fig.  124.  D.  agrarius,  F.  M.  no.  14932,  Right  ilium  and  ischium,  lateral  view, 
X 2.5. 

Fig.  125.  D.  agrarius,  F.  M.  no.  14932,  Right  femur,  lateral  view,  X 2.5. 

Fig.  126.  D.  agrarius,  F.  M.  no.  14932,  Left  tibiofibula,  lateral  view,  X 2.5. 

Fig.  127.  D.  agrarius,  F.  M.  no.  14932,  Left  pes,  Dorsal  view,  X 2.5. 

Composite  of  right  and  left  sides  of  specimen. 

Fig.  128.  D.  agrarius,  F.  M.  no.  14932,  Left  pes,  Lateral  view,  X 2.5. 

Composite  of  right  and  left  sides  of  animal.  Missing  parts  restored 
from  Heteromys. 
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energies  in  attaining  considerable  length,  thus  making  the  fossa  much 
longer,  and,  at  the  same  time,  deeper,  than  in  Diprionomys , where 
it  is  limited  to  the  proximal  quarter  of  the  bone  instead  of  to  the  proxi- 
mal half.  In  the  condition  of  both  the  fossa  and  its  median  bounding 
crest,  Diprionomys  is  as  nearly  identical  with  Perognathus,  Microdi- 
podops , Cupidinimus  and  Dipodomys  as  it  possibly  could  be.  The 
medial  malleolus  is  considerably  longer  than  the  lateral,  as  in  Cupid- 
inimus, instead  of  being  nearly  equal,  as  in  Perognathus  and  Dipo- 
domys, or  absolutely  equal,  as  in  Heteromys.  In  all  the  limb  bones,  the 
points  of  most  resemblance  to  Dipodomys  are  the  size,  shape  and 
position  of  areas  of  muscle  attachment,  whereas  the  points  of  closest 
resemblance  to  Heteromys  are  the  articular  surfaces,  general  shape  of 
the  bones,  and  other  factors  not  directly  affected  by  changing  muscles. 

The  pes  resembles  the  other  bones  in  being  remarkably  heavy  (figs. 
127-128).  The  neck  of  the  astragalus  is  definitely  wider  than  in 
Heteromys.  The  tibial  trochlea  of  the  astragalus  is  about  the  same 
length  in  relation  to  the  fibular  as  in  Dipodomys — that  is,  much 
shorter.  In  Perognathus  and  Heteromys,  on  the  contrary,  while  the 
tibial  keel  is  shorter,  it  is  only  slightly  so.  The  neck  of  the  astragalus 
of  Diprionomys  is  about  as  in  Perognathus,  and  wider  than  in  Dipo- 
domys. At  its  anterior  end,  the  astragalus  makes  a contact  with  the 
cuboid,  as  in  Heteromys  and  Perognathus,  although  it  is  not  a large 
contact  (see  fig.  153).  In  Dipodomys  and  Cupidinimus,  on  the  con- 
trary, the  contact  is  between  the  calcaneum  and  the  navicular.  There 
is  little  to  note  about  the  calcaneum.  The  navicular  and  ectocunei- 
form  (the  only  other  tarsals  present  in  the  fossil)  appear  to  be  essenti- 
ally identical  with  the  corresponding  bones  in  Heteromys.  The 
navicular  is  of  essentially  uniform  antero-posterior  diameter,  as  in 
Dipodomys  and  Heteromys,  instead  of  tapering  laterally  as  it  does  in 
Perognathus.  The  lateral  margins  of  the  cuneiform  are  essentially 
parallel  to  each  other,  instead  of  converging  at  the  center  to  give 
the  dorsal  surface  of  the  bone  an  hour-glass  shape,  as  they  do  in  the 
Dipodomyinae  and  Perognathinae.  In  this  respect,  the  bone  in 
Diprionomys  resembles  that  in  Heteromys. 

The  metatarsals,  all  of  which  are  preserved  on  one  side  or  the  other, 
are  much  heavier  than  in  Heteromys.  The  pollex  is  more  reduced  than 
in  that  genus,  being  essentially  the  same  absolute  size  in  the  two 
forms,  while  there  is  a twenty-five  percent  difference  in  the  dimensions 
of  the  other  bones.  Diprionomys  is  normal,  however,  in  that  meta- 
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tarsal  IV  is  shorter  than  III  (also  shorter  than  II),  whereas  in  Heter- 
omys  and  Liomys,  as  in  Microdipodops,  the  fourth  is  the  longest  of 
all  the  bones  in  the  pes.  The  metatarsals  flare  more,  distally,  than  they 
do  in  Heteromys,  approaching  Dipodomys  and  being  essentially  identi- 
cal with  Perognathus  and  Cupidinimus  in  this  respect.  The  shortening 
of  the  hallux  is  suggestive  of  saltatorial  specialization,  though  by  no 
means  conclusive. 

The  skeleton  of  Diprionomys  agrarius , when  considered  as  a whole, 
presents  a remarkable  combination  of  characters  found  otherwise 
only  in  members  of  different  subfamilies.  The  fundamental  characters, 
however,  which  have  been  used  above  as  subfamily  characters,  are  all 
those  of  the  Heteromyinae,  with  which  group  the  genus  is  accordingly 
included.  The  characters  of  the  lower  premolar,  and  of  the  masseteric 
crest  of  the  mandible,  and  the  characters  of  the  tarsus,  would  fit 
nowhere  but  in  this  subfamily.  The  many  characters  which  are  not 
met  with  elsewhere  in  the  subfamily  are  parallels  to  ones  found  in 
Dipodomys,  Microdipodops  and  Perognathus , and  seem  to  represent 
modifications  necessary  in  the  acquisition  of  a ricochetal  or  sub- 
ricochetal  habitus. 

The  revised  intermembral  index  (see  footnote  3,  p.  103)  is  42.3  and 
the  intermembral  index  61. 1 (Table  V).  This  gives  a lower  ratio  than 
in  Cupidinimus  or  any  species  of  Perognathus  measured,  and  is  a close 
approach  to  the  figures  in  Microdipodops,  which  is  without  any 
doubt  a ricochetor.  The  bullae  are  greatly  inflated,  apparently  being 
more  so  than  in  the  essentially  contemporary  Cupidinimus.  There 
are  many  resemblances  of  D.  agrarius  to  Microdipodops,  and,  although 
nearly  all  of  these  are  also  shared  with  Dipodomys,  there  is  a possibility 
that  this  form  is  an  intermediate  stage  between  Microdipodops  and 
the  Heteromyinae. 

What  little  matrix  was  present  with  the  specimen  was  fine  sand 
grains  resembling  the  deposits  at  Valentine.  Barbour  (1914)  states 
that  the  Devil’s  Gulch  consists  of  225'  of  unconsolidated  sandy  beds. 
The  fauna  as  given  by  Barbour  and  by  Barbour  and  Cook  (1917) 
contains  such  forms  as  camels,  oreodonts,  numerous  horses,  probosci- 
deans, dogs,  and  others,  most  of  which  are  obviously  plains  dwellers, 
living  in  open  country  such  as  would  be  suitable  for  the  development 
of  saltatorial  or  sub-saltatorial  rodents.  The  camels,  oreodonts,  and 
horses  are  certainly  plains  dwellers.  Others,  as  Teleoceras,  were  sub- 
aquatic  or  frequenters  of  moist  regions,  and  must  have  lived  essentially 
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in  the  locality  in  which  they  have  been  found.  The  amount  of  well- 
watered  territory  on  either  side  of  the  Niobrara  may  have  been  no 
greater  at  that  time  than  at  present.  The  plains  forms  could  then 
either  have  been  washed  into  the  river  from  the  adjoining  plains  by 
heavy  rains,  or  might  have  been  entombed  in  quicksands  or  have  died 
from  other  causes,  when  coming  to  the  river  for  water. 

PDiprionomys  sp.  nov.  indet. 

Two  jaws  (C.  M.  Nos.  10169  and  10180),  collected  by  the  author 
in  the  Valentine  locality  described  above  (fig.  34),  in  1931  and  1932, 
represent  what  appears  to  be  another  species  of  Diprionomys.  Un- 
fortunately, all  the  teeth  are  missing  from  both  of  these  jaws,  which 
are  the  only  complete  or  essentially  complete  jaws  in  a collection  of 
a couple  of  dozen  from  this  locality  of  which  this  is  the  case.  There 
can  be  no  doubt  that  both  jaws  represent  a heteromyid.  The  mas- 
seteric crest  is  low,  and  nearly  horizontal,  ending  anteriorly  just  above 
and  behind  the  mental  foramen,  a character  uniting  them  with 
Diprionomys.  In  No.  10180,  there  is  a shallow  pit  beside  M3;  in  No. 
10169,  none  is  present.  In  both,  the  mandibular  foramen  is  high  on  the 
coronoid  process.  This  form  is  much  smaller  than  D.  agrarius,  the 
alveolar  length  being  5.6  mm.,  which  is,  of  course,  also  much  larger 
than  Cupidinimus  nebraskensis,  the  only  other  heteromyid  known 
from  these  beds  (see  Table  II).  The  general  shape  of  the  jaw,  of  the 
angle,  of  the  coronoid  and  condyloid  processes,  as  well  as  the  shape 
and  configuration  of  the  masseteric  crest,  all  resemble  Diprionomys 
more  than  they  do  any  other  heteromyid. 

Hall  (1930a,  p.  315  and  fig.  3)  described  and  figured  a tooth  (U. 
Cal,  Coll.  Vert.  Pal.  No.  28542)  from  the  Barstow  Beds,  which  he 
called  Diprionomys  sp?.  The  general  shape  of  the  tooth  as  figured 
strongly  suggests  either  one  of  the  most  advanced  recent  species  of 
Dipodomys  or  else  a Geomyid.  The  tooth  is  an  elongate  oval,  with  the 
enamel,  in  crown  view,  interrupted  at  both  the  buccal  and  lingual 
margins  of  the  tooth.  It  is  a high  crowned,  rootless  form,  as  pointed 
out  by  Hall.  It  is  much  more  advanced  than  are  any  known  con- 
temporary heteromyids,  and  compares  fairly  well  with  such  late 
Tertiary  and  Pleistocene  geomyids  as  have  been  described.  It  cer- 
tainly is  not  referable  to  any  known  heteromyid  genus  other  than 
Dipodomys , and  should  probably  be  called  a Geomyid. 


198 


Annals  of  the  Carnegie  Museum 


vol.  XXIV 


Liomys  Merriam,  1902 

Figs.  129-132;  Tullberg,  1899,  PI.  27,  figs.  33-34;  Goldman,  1911,  PI.  1,  figs.  3, 
3a  and  3b. 

Diagnosis:  Cheek  teeth  medium  crowned;  upper  incisors  asulcate; 
only  two  lophs  in  M3  and  P4;  accessory  lakes  formed  from  Y-pattern 
short-lived;  J-pattern  in  P4  poorly  developed;  one  or  more  anteroconids 
in  protolophid  of  P4;  Mf  slightly  reduced;  interparietal  frequently 
paired;  auditory  region  uninflated;  locomotion  scampering. 

Range:  Recent  of  Tropical  and  Sonoran  zones  from  southern  Texas 
and  Sonora  (Mexico)  to  Panama  (fig.  157). 

This  genus  carries  slightly  further  the  logical  development  of  the 
tooth  conditions  in  Proheteromys,  Peridiomys  and  Diprionomys.  The 
occlusal  surfaces  of  Pf  become  much  larger  as  the  teeth  become  more 
worn,  eventually  attaining  an  area  almost  equal  to  that  of  all  the 
molars,  thus  presenting  an  interesting  partial  parallel  to  the  Myla- 
gaulidae.  The  molars  retain  an  approximately  uniform  size  through- 
out life.  This  genus  (Goldman,  1911,  p.  9)  “reaches  its  greatest 
abundance  in  semiarid,  partially  wooded  regions,  both  plains  and 
mountain  slopes  being  well  populated.” 

The  anterior  loph  of  P4  appears  always  to  be  composed  of  three 
cusps,  the  central  one  the  largest,  and  the  two  lateral  ones  compressed 
almost  beyond  recognition  (fig.  129).  The  entostyle  blocks  the  median 
valley,  and  forms  the  point  of  union  of  the  two  lophs.  It  is  much 
more  closely  united  with  the  rest  of  the  metaloph  than  in  Heteromys, 
where  there  is  a deep  re-entrant  between  the  entostyle  and  the  hypo- 
cone  (see  fig.  133),  giving  the  median  valley  a Y-shape  and  the  meta- 


Fig.  129.  Liomys  vulcani,  A.  M.  N.  H.  no.  28366,  LP4 — M3,  X 10. 

Fig.  130.  Liomys  vulcani,  A.  M.  N.  H.  no.  28366,  RP4 — M3,  X 10. 

Fig.  131.  Liomys  irroratus  texensis,  A.  M.  N.  H.  no.  3130,  LdP4,  X 10. 
Fig.  132.  L.  i.  texensis,  A.  M.  N.  H.  no.  3130,  RdP4,  X 10. 
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loph  that  of  a J.  A posterior  cingulum  is  present  behind  the  hypocone, 
whose  center  sometimes  unites  with  that  cusp.  More  commonly,  the 
union  is  at  the  two  ends,  surrounding  a small  pit,  which  soon  be- 
comes an  enamel  lake.  Whether  the  two  lateral  cusps  of  the  protoloph 
are  the  protostyle  and  paracone  or  protostyle  and  a buccal  style,  can 
not  be  determined  without  more  Oligocene  and  Miocene  Heteromyines, 
but  it  seems  probable,  by  comparison  with  Proheteromys  magnus,  that 
both  lateral  cusps  are  styles,  as  the  protoloph  of  that  species  is  formed 
of  the  protocone  and  protostyle  alone.  The  upper  molars  do  not 
appear  to  develop  the  Y-pattern  and  its  accessory  lakes  as  readily  as 
do  the  lower  molars,  and  show  nothing  like  the  deep  lakes  found  in 
Heteromys.  Indeed,  Goldman  (1911,  p.  32)  states  that  in  this  genus, 
“loops  of  molar  crowns  normally  without  additional  enamel  islands 
even  in  young.”  However,  in  all  specimens  that  I have  seen  which 
show  very  slightly  worn  teeth,  such  islands  are  present,  though  their 
life  is  very  short.  Goldman  also  states  (op.  cit.,  p.  33)  that  the  Liomys 
crispus  group  differs  from  other  members  of  the  genus  in  that  no  lake 
is  developed  in  the  median  valley  of  M1.  Such  specimens  of  this  species 
group  in  the  American  Museum  collections  as  have  teeth  in  the  right 
stage  of  wear,  however,  do  show  a lake  in  the  median  valley  of  M1  as 
well  as  of  the  other  teeth.  The  third  upper  molar  is  but  little  reduced, 
but  shows  no  evidence  of  the  third  loph  to  be  found  in  some  species  of 
Heteromys. 

In  the  lower  premolar  (fig.  130),  a series  of  accessory  cuspules 
have  been  developed  in  the  position  of  the  anteroconid,  between  the 
protoconid  and  the  mesoconid,  on  the  anterior  margin  of  the  tooth, 
varying  from  one  as  in  Diprionomys  agrarius,  to  several.  There  is 
frequently  a direct  connection  between  the  protoconid  and  the  meso- 
conid, in  addition  to  one  through  the  anterior  cusps,  so  that  a basin 
is  developed  in  the  protolophid,  becoming  a lake  upon  wear.  There 
may  or  may  not  be  a small  posterior  cingulum  at  the  buccal  margin 
of  the  metalophid,  which,  when  present,  brings  about  the  develop- 
ment of  the  Y-pattern,  so  much  more  strikingly  shown  in  Heteromys. 
This  pattern  is  poorly  developed  in  the  lower  molars,  also,  the  an- 
terior cingulum  being  extremely  small.  It  is  frequently  at  the  center 
of  the  anterior  margin  of  the  tooth,  instead  of  being  at  the  buccal 
margin,  so  that  the  resultant  lake  will  be  in  the  center  of  the  loph. 
M3  is  composed  of  six  cusps,  though  the  hypostylid  is  frequently  ex- 
tremely small. 
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When  lakes  are  present  in  the  lophs  of  the  teeth  of  this  genus,  they 
are  very  ephemeral,  being  destroyed  by  wear  with  great  rapidity,  ex- 
cepting the  lake  in  the  protolophid  of  P4.  The  lakes  which  develop 
from  the  median  valleys  of  the  teeth,  however,  are  of  much  longer 
duration. 

The  upper  deciduous  premolar  is  formed  almost  entirely  of  two 
crests,  suggesting  a two-cusped  anterior  and  a three-cusped  posterior 
one.  A minute  anterior  cuspule  is  present,  but  is  only  slightly  dif- 
ferentiated from  the  anterior  slope  of  the  protoloph,  so  that,  upon  wear, 
it  forms  an  anterior  extension  of  the  protoloph,  and  never  has  an 
independent  individuality  of  its  own  (see  fig.  131).  The  two  main 
lophs  unite  at  their  buccal  margin,  upon  wear.  There  is  thus  a strong 
resemblance  between  dP4  of  Liomys  and  of  Dipodomys  or  Perognathus, 
although  the  poor  development  of  the  anterior  cuspule  in  the  first 
genus  suggests  a separate  line  of  evolution  since  early  in  the  develop- 
mental history  of  the  deciduous  premolars,  which  is  shown,  on  other 
grounds,  actually  to  have  been  the  case. 

The  lower  milk  premolar  is  composed  of  three  lophs  as  is  that  of 
Dipodomys  (fig.  132).  The  anterior  one  seems  to  be  an  elevated  cingu- 
lum, not  yet  subdivided  into  cusps,  which  unites  both  buccally  and 
lingually  with  the  protolophid.  The  latter  is  a transverse  row  of 
three  cusps,  as  is  likewise  the  metalophid.  The  two  anterior  crests 
surround  an  enamel  lake.  This  tooth  is  quite  similar  to  dP4  of  Dipo- 
domys, differing  in  the  greater  development  of  the  cingulum  of  the  two 
posterior  lophs  and  its  lesser  development  at  the  anterior  end  of  the 
tooth.  There  is  a very  strong  parallel  to  the  pattern  of  the  permanent 
premolar,  in  which  the  anteroconid  is  developing  as  an  anterior  crest, 
connecting  the  protoconid  with  the  mesoconid.  Fundamentally, 
however,  the  structure  of  the  anterior  part  of  the  permanent  and 
deciduous  premolars  is  quite  different,  though  they  superficially  re- 
semble each  other.  The  mesoconid  of  dP4  shows  the  initial  stage  in 
the  forward  displacement  characteristic  of  this  tooth  in  Dipodomys 
and  Heteromys. 

This  genus  seems  characteristically  to  have  paired  interparietals, 
25  cases  of  all  ages  being  observed  in  a total  of  99  skulls  studied,  a 
ratio  which  suggests  a simple  Mendelian  recessive.  The  zygoma  is 
usually  the  widest  part  of  the  skull,  although  the  diameter  at  the 
auditory  meatus  may  be  slightly  greater.  Ossicles  are  present  at  the 
antero-ventral  lip  of  the  meatus  (Allen,  1904).  The  mastoid  is,  for  a 
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heteromyid,  very  slightly  inflated.  The  bullae  never  reach  the  level 
of  the  grinding  surface  of  the  cheek  teeth. 

The  skeleton  is  similar  to  that  of  Heteromys.  The  distal  margin  of 
the  deltoid  process  makes  an  angle  with  the  shaft  of  the  humerus  sub- 
equal to  that  of  the  proximal  slope.  The  trochlea  and  capitulum  are 
the  most  distal  parts  of  the  bone,  extending  distinctly  beyond  the  end 
of  the  epicondyle.  The  percent  of  fusion  of  the  tibia  and  fibula  (see 
Table  III)  is  very  small — the  smallest  known  in  any  heteromyid. 
As  in  Heteromys , the  median  border  of  the  posterior  fossa  of  the  tibia 
is  gently  sloping  instead  of  bearing  a sharp  hook.  The  astragalus  and 
cuboid  articulate,  a long  process  of  the  latter  extending  between  the 
calcaneum  and  the  navicular.  The  tibial  keel  of  the  astragalus  is 
only  slightly  shorter  than  the  fibular,  being  84%  of  its  length.  The 
navicular  tapers  in  length  toward  both  the  medial  and  lateral  margins. 
The  ectocuneiform  has  nearly  parallel  sides.  Slight  rugosities  are 
present  on  the  dorsal  surface  of  the  sixth  and  seventh  cervical  verte- 
brae, as  in  Diprionomys  and  Heteromys.  The  ridges  of  the  ventral 
surface  of  the  cervicals  are  apparently  limited  to  the  axis.  Median 
ventral  foramina  occur  in  the  last  five  lumbar  vertebrae.  There  are 
lateral  expansions  behind  the  zygopophyses  of  the  third  caudal  verte- 
bra similar  to  those  in  Diprionomys , though  much  smaller,  but  not 
present  on  any  other  vertebra. 

Hall  (19306,  pp.  203-204)  considered  that  “ Diprionomys ” quartus 
and  possibly  “ D .”  magnus  were  closer  to  Liomys  than  to  any  other 
recent  heteromyid.  As  I have  endeavored  to  show,  this  does  not  now 
seem  to  be  the  case,  those  species  being  placed  in  different  subfamilies, 
and  the  structural  ancestry  of  Liomys  being  represented  by  such 
forms  as  Proheteromys,  Peridiomys  and  Diprionomys  agrarius. 

Heteromys  Desmarest,  1817 

Synonymy: 

Saccomys  Fr.  Cuvier,  1823. 

Dasynotus  Wagner,  1830. 

Figs.  133-144;  Goldman,  1911,  PI.  1,  figs.  1,  ia,  2,  2a. 

Diagnosis:  Cheek  teeth  high  crowned,  with  the  most  complicated 
pattern  to  be  found  in  the  Heteromyidae;  anterior  cingulum  in  lower 
and  posterior  cingulum  in  upper  molars  almost  as  high  as  the  rest  of 
the  crown,  giving,  in  early  life,  three  lophs;  upper  premolar  essentially 
as  in  Liomys;  lower  premolar  with  one  or  two  additional  anterior  lophs 
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not  found  in  other  heteromyids;  auditory  region  uninflated;  inter- 
parietal relatively  narrow  and  never  paired;  locomotion  scampering. 

Range:  Recent  of  tropical  or  subtropical  portions  of  continental 
America  from  southern  Mexico  to  Ecuador,  and  the  Island  of  Trinidad. 

The  cingula,  which  were  shown  in  an  early  stage  of  development  in 
the  molars  of  Liomys,  are  much  more  progressive  in  this  genus.  They 
are  essentially  as  high  as  are  the  main  lophs,  from  which  they  are 
separated  by  deep  valleys,  whose  depth  is  in  part,  at  least,  a function 
of  the  increasing  height  of  the  crown.  In  the  upper  teeth,  the  cingulum 
represents  a migration  of  the  internal  cingulum  along  the  posterior 
side  of  the  tooth,  breaking  loose  from  the  hypocone,  following  the 
course  outlined  above  as  occurring  in  Proheteromys  magnus,  and  being 
the  end  stage  so  far  attained  in  the  development  of  the  Y-pattern 
(figs.  133-134).  The  separation  from  the  hypocone  leaves  a valley 
between  that  cusp  and  the  cingulum,  so  that  the  metaloph  assumes 
the  shape  of  a Y.  The  growth  of  the  cingulum  on  the  posterior  side 
of  the  tooth  has  caused  a sharp  bend  in  the  metaloph,  occurring  at  the 
point  where  the  hypocone  and  metacone  unite,  increasing  the  similarity 
of  the  loph  to  a Y.  This  cingulum  may  extend  only  a small  part  of  the 
way  across  the  tooth,  as  in  H.  australis , where  it  extends  only  to  the 
buccal  margin  of  the  hypocone.  In  H.  gaumeri  on  the  other  hand,  the 
cingulum  reaches  two-thirds  of  the  way  across  the  tooth,  reaching  the 
valley  between  the  metacone  and  hypocone.  There  usually  are  no 
individual  cusps  detectable  in  these  cingula,  which  are  an  outgrowth 
of  the  internal  cingulum  developed  in  the  Oligocene  and  Miocene 
ancestors  of  the  Heteromyinae.  The  lake  in  the  metaloph  is  formed 
by  the  union  of  the  lingual  tips  of  the  arms  of  the  Y — that  is,  the 
lingual  margins  of  the  hypocone  and  entostyle.  The  metaloph  of  the 
third  molar  is  composed  of  three  cusps,  although  the  entostyle  is 
usually  minute,  and  all  three  are  closely  compressed  and  firmly  fused 
one  to  another.  In  the  subgenus  Xylomys,  the  posterior  cingulum  of 
M3  is  unusually  large,  being  as  well  developed  as  either  of  the  other 
two  lophs.  It  unites  at  its  center  with  the  middle  of  the  metaloph 
(Goldman,  1911,  pi.  1,  fig.  2). 

The  lower  molars  are  essentially  mirror  images  of  the  uppers,  the 
cingulum  migrating  from  the  buccal  margin  along  the  anterior  side 
of  the  tooth,  and  the  lakes  are  developed  in  the  same  manner.  The 
third  lower  molar  has  a three-cusped  hypolophid,  although  the 
hypostylid  is  small  (figs.  135-136). 
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Fig.  133.  Heteromys  crassirostris,  A.  M.  N.  H.  no.  37923,  LP4 — M3,  X 10. 

Fig.  134.  H.  gaumeri,  A.  M.  N.  H.  no.  10458,  LdP4 — M3,  X 10. 

Fig.  135.  H.  crassirostris,  A.  M.  N.  H.  no.  37923,  RP4 — M3,  X 10. 

Fig.  136.  H.  gaumeri,  A.  M.  N.  H.  no.  10458,  RdP4 — M3,  X 10. 

Fig.  137.  H.  fuscatus,  A.  M.  N.  H.  no.  28578,  (lingual  side  at  top),  RP4,  X 10. 
Fig.  138.  H.  fuscatus,  A.  M.  N.  H.  no.  28578,  RP4,  X 10. 

Fig.  139.  H.  fuscatus,  A.  M.  N.  H.  no.  28451,  RP4,  X 10. 

Fig.  140.  H.jesupi,  A.  M.  N.  H.  no.  15348,  RP4,  X 10. 

Fig.  141.  H.  melanoleucus,  A.  M.  N.  H.  no.  14758,  RP4,  X 10. 

Fig.  142.  H.  zonalis,  A.  M.  N.  H.  no.  36748,  RP4,  X 10. 

Fig.  143.  H.  anomalus,  A.  M.  N.  H.  no.  4749,  LdP4,  X 10. 

Fig.  144.  H.  anomalus,  A.  M.  N.  H.  no.  4749,  RdP4,  X 10. 

P|  do  not  become  extremely  elongated  with  wear,  as  in  Liomys, 
even  though  the  teeth  pitch  strongly,  the  lower  molars,  especially, 
sloping  forward  at  a sharp  angle.  The  upper  premolar  is  only  slightly 
more  specialized  than  that  of  Liomys.  The  protoloph  is  composed  of 
three  cusps,  which  are  usually  as  closely  united  as  are  those  of  Liomys. 
In  LI.  fuscatus  (fig.  137),  however,  the  three  cusps  are  clearly  dis- 
tinguishable, and  remain  marked  out  from  each  other  by  grooves  in 
the  sides  of  the  loph  for  a considerable  length  of  time.  The  tooth  of 
this  species  is  the  most  complicated  upper  premolar  studied,  with  num- 
erous accessory  crests  and  cuspules.  The  entostyle  blocks  the  median 
valley  as  in  Liomys , but  is  much  more  independent  of  the  metaloph, 
forming  a J of  which  the  entostyle  is  the  hook  (fig.  133).  In  H. 
fuscatus , the  free  end  of  the  entostyle  often  meets  the  center  of  the 
metaloph,  uniting  with  the  hypocone,  so  that  an  enamel  lake  is 
formed  in  this  part  of  the  crown.  This,  of  course,  is  in  addition  to  the 
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lake  formed  by  the  elevation  of  the  posterior  cingulum  at  the  posterior 
side  of  the  metaloph. 

The  lower  premolar,  however,  represents  quite  a high  stage  in 
specialization,  reaching,  in  some  species,  a level  higher  than  that  of 
any  other  heteromyid  tooth  with  which  I am  acquainted.  In  all 
forms,  it  is  composed  of  at  least  three  lophs,  and  in  some  of  four  (see 
figs-  x35>  138-142).  The  metalophid,  the  most  posterior  of  all  the 
crests,  is  occasionally  composed  of  but  two  cusps,  the  metaconid  and 
hypoconid.  In  most  species  (as  H.  fuscatus,  figs.  138-139),  a third 
cusp  is  developing  on  the  buccal  margin  of  this  loph  as  a minute 
stylid.  In  the  more  primitive  species  (as  H.  jesupi,  fig.  140),  the  proto- 
lophid  is  composed  of  the  protoconid,  mesoconid,  and  an  intermediate 
anteroconid,  as  in  Liomys.  Anterior  to  this  is  another  crest,  formed 
from  an  anterior  cingulum.  This  cingulum  unites  with  the  buccal 
margin  of  the  protolophid  (as  in  H.  jesupi , fig.  140),  and  makes  its 
second  union  with  the  lingual  margin  of  that  loph,  and  appears  to  be 
formed  of  two  cusps.  These  forms  seem  to  represent  the  most  primi- 
tive species  of  the  genus  that  have  come  within  the  scope  of  this  study. 
In  these  forms,  a small  crest  is  developing  from  the  anterior  side  of 
the  anteroconid,  leading  toward  the  cingulum,  which  it  does  not, 
however,  reach  until  after  considerable  wear.  Thus,  in  these  species, 
a U-shaped  loop  is  first  formed,  followed  by  a closed  curve  containing 
a single  lake.  In  the  next  group  of  species,  represented  by  H.  mel- 
anoleucus,  H.  lomitensis  and  H.  anomalus  (fig.  141),  the  first  point  of 
union  of  the  protolophid  and  cingulum  is  through  this  anterior  spur  of 
the  anteroconid,  after  which  the  buccal  and  lingual  junctions  are  made. 
In  both  of  these  groups,  the  cingulum  either  remains  an  undifferentiated 
ridge,  or  else  is  divided  into  an  antero-lingual  and  an  antero-buccal 
cusp.  H.  australis  appears  to  be  on  the  border-line  between  these  two 
groups,  sometimes  one  method  of  union  being  followed  and  sometimes 
the  other,  being  like  H.  melanoleucus  more  often  than  not.  In  a third 
group  of  species,  represented  by  H.  crassirostris,  H.  fuscatus  and  H. 
zonalis  (figs.  135,  138-139,  142),  the  anteroconid  has  been  forced  for- 
ward, apparently  being  squeezed  out  of  the  protolophid,  forcing  the 
cingulum  to  migrate  in  front  of  it.  The  anteroconid  then  forms  the 
center  of  a fourth  loph,  with  the  rest  of  the  crest  being  formed  by  a 
buccal  and  a lingual  cingulum  cusp,  left  behind  by  the  migration  of 
the  anterior  cingulum  (fig.  135).  In  addition  to  these  two  cingulum 
cusps,  the  remaining  part  of  the  anterior  cingulum  is  formed  of  two 
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cusps  in  this  group.  In  H.  crassirostris  (fig.  135),  the  anteroconid  con- 
tains a small  lake  in  its  center,  absent  in  all  other  species.  It  is 
possible  that  this  lake  indicates  the  fusion  of  two  small  cuspules  such 
as  are  found  in  this  position  in  some  forms  of  Liomys,  with  a small 
pit  left  between  them.  Its  absence  in  other  species  would  then 
either  indicate  that  the  process  of  fusion  has  not  been  carried  as  far  in 
H.  crassirostris  as  in  most  species,  or  else  that  the  other  forms  were 
derived  from  ancestors  which  did  not  have  paired  anteroconids.  In 
H.  zonalis  (fig.  142),  the  migration  of  the  anteroconid  is  in  a transi- 
tional stage,  the  cusp  having  moved  out  of  the  protolophid,  allowing 
the  development  of  the  mesostylid,  and  at  the  same  time  the  anterior 
cingulum  has  been  forced  forward  by  the  migration  of  the  cusp,  but 
as  yet  there  does  not  appear  to  have  been  any  tendency  for  increase 
in  the  number  of  anterior  stylids,  there  still  being  but  two,  each  of 
which  unites  upon  wear  with  the  anteroconid,  so  that  a small  lake  is 
formed  in  front  of  this  cusp. 

The  upper  deciduous  premolar  is  very  similar  to  that  of  Liomys 
except  that  the  protoloph  is  longer  and  more  nearly  equal  in  length 
to  the  metaloph  (figs.  134,  143).  It  strongly  resembles  the  permanent 
premolar,  however,  as  in  Liomys.  It  differs  from  the  milk  tooth  of  the 
latter  form  in  the  slightly  greater  reduction  of  the  anterior  cuspule, 
and  in  the  development  of  an  elevated  posterior  cingulum,  giving  rise 
to  an  enamel  lake  on  the  metaloph. 

The  lower  deciduous  premolar  (figs.  136,  144)  is  fundamentally 
identical  in  pattern  with  that  of  Liomys  and  Dipodomys,  having  also 
essentially  the  same  appearance  as  the  permanent  premolar  of  LI. 
zonalis.  In  the  species  of  Heteromys  in  which  the  deciduous  premolar 
was  observed,  its  characters  were  relatively  constant,  so  that  in  the 
more  advanced  species,  the  permanent  premolar  becomes  more 
specialized  than  the  deciduous  one,  a result  which  is  quite  unusual 
among  mammals.  Not  enough  material  was  available  to  determine 
the  range  of  variation  in  unworn  milk  teeth  within  the  genus,  but 
there  appears  to  be  a considerable  amount.  The  median  cusp  of  the 
protolophid  has  been  squeezed  out  and  pressed  against  the  anterior 
cingulum,  forcing  it  ahead  of  it.  The  number  of  cusps,  if  any  are 
formed,  in  the  anterior  cingulum  is  indeterminable  from  any  of  the 
available  material.  Whether  the  migratory  cusp  represents  a meso- 
conid  as  in  Dipodomys,  or  an  anteroconid  as  in  the  permanent  pre- 
molars of  Heteromys,  is  impossible  to  tell  at  present. 
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In  tooth  pattern,  then,  Heteromys  represents  the  final  stage  to  be 
met  with  among  the  heteromyids,  having  a much  more  highly  com- 
plicated pattern  than  that  of  any  other  genus.  Although  the  fossils 
which  might  be  ancestral  to  this  form  are  mostly  unknown,  the  most 
important  stages  in  the  dental  evolution  can  be  determined  with  a 
fair  degree  of  probability.  In  the  middle  Miocene  Proheteromys,  the 
initial  stages  can  be  seen.  P.  magnus  shows  two  methods  of  develop- 
ing enamel  islands,  both  of  which  have  been  tried  by  later  forms.  It 
has  incipient  cingula  on  the  posterior  margin  of  the  tooth  identified 
as  M2,  and  a deep  demarcation  between  the  stylid  and  its  associated 
cusp,  which  is  almost  ready,  even  in  this  species,  to  develop  lakes. 
This  is  essentially  the  Y-pattern  found  in  the  molars  of  Liomys  and 
Heteromys , although  minute  additional  styles  are  present  at  the  end 
of  the  lophs,  in  addition  to  the  cingula,  in  the  latter  genus.  The 
posterior  cingulum  of  the  lower  molars  of  P.  magnus,  as  that  of  P. 
parvus,  was  not  destined  to  give  rise  to  any  permanent  feature  in  the 
heteromyid  teeth,  and  may  indicate  that  these  species  represent  a 
sterile  side  line.  The  next  fossils  are  Peridiomys  and  Diprionomys, 
which  show  the  premolar  pattern  of  Liomys  in  its  initial  stage  and  fully 
developed,  respectively.  Liomys  represents  a stage  intermediate 
between  these  forms  and  Heteromys,  in  which  the  Y-pattern  has  been 
fully  acquired,  and  lakes  are  formed  in  the  crown,  but,  due  to  the 
lack  of  hypsodonty,  the  lakes  are  very  short-lived.  In  Heteromys,  the 
increased  height  of  crown  makes  the  lakes  deeper,  and  thus  causes 
their  life  to  be  lengthened.  As  has  been  indicated  above,  the  pre- 
molar of  Heteromys  is  a development  from  the  type  that  occurs  in 
Liomys,  but  is  certainly  much  more  specialized.  The  Liomys  type  is 
only  slightly  more  specialized  than  the  tooth  in  Diprionomys  agrarius. 
It  is  interesting  to  observe  that  the  cingular  cusps  of  the  protolophid 
and  metalophid  of  P4  are  just  being  acquired  at  the  present  time, 
which  appears  to  be  one  of  rapid  evolutionary  modification  in  all  the 
members  of  this  family. 

In  the  skeleton,  Heteromys  is  but  slightly  more  specialized  than  is 
Liomys.  The  intermembral  index  (Table  V)  indicates  quadrupedal 
locomotion.  Both  of  these  genera  are  closer  to  Paramys  than  are  any 
other  known  members  of  the  family,  as  far  as  the  skeleton  is  con- 
cerned. The  auditory  regions  of  Heteromys  are,  if  anything,  less 
inflated  than  those  of  Liomys.  The  structure  of  the  pes  is  relatively 
simple,  and  not  widely  removed  from  that  of  Paramys,  the  only  pe- 
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culiar  feature  being  the  increased  length  of  metatarsal  IV.  The  most 
striking  specialization  of  the  skeleton  is  the  absence  of  the  atlantal 
foramen  in  the  atlas,  its  place  being  taken  by  a groove. 

This  genus  at  present  ranges  through  southern  Mexico  and  Central 
America,  and  into  northern  South  America  (see  map,  fig.  157).  It 
occupies  all  areas  from  the  semiarid,  partially  wooded  mountains  and 
plains  of  Mexico  to  humid,  heavily  forested  regions,  as  in  Ecuador, 
where  the  members  of  this  genus  live  on  slopes  by  water-courses 
(Tate,  1931). 

The  three  main  groups  of  structural  characters  available  to  pal- 
eontologists in  making  a classification  of  mammals  are  those  of  the 
teeth,  the  skull  and  the  feet.  If  the  evidence  from  all  these  sources 
points  to  the  same  arrangement  of  the  genera,  well  and  good.  If  not, 
one  or  more  must  be  selected  as  of  primary  importance,  and  the  rest 
relegated  to  a subordinate  position.  When  all  three  indicate  distinct 
arrangements,  it  is  particularly  unfortunate.  In  the  case  of  hete- 
romyids,  skulls  and  feet  are  rare  as  fossils,  even  when  compared  with 


Fig.  145.  Possible  lines  of  subdivision  of  the  Heteromyidae,  on  the  basis  of  tooth 
patterns,  skull  types  and  locomotor  habits,  and  structure  of  the  tarsus. 
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the  scanty  collections  of  teeth.  If  all  the  major  subdivisions  were 
based  on  either  skulls  or  teeth,  essentially  all  of  the  fossils  would  have 
to  be  left  incertae  sedis.  For  this  reason,  as  well  as  for  the  fact  that 
tooth  structure  appears  to  me  to  be  at  least  as  significant  as  any  other 
in  this  group,  this  has  been  made  the  primary  point  of  division  in  the 
family.  The  three  different  possible  divisions  of  the  genera,  using  each 
of  these  three  major  criteria,  are  illustrated  in  fig.  145.  Without 
a complete  pedigree  of  all  heteromyids,  dating  back  to  the  Oligocene, 
it  is,  of  course,  impossible  to  determine  the  relationships  with  absolute 
and  final  certainty.  It  might  have  been  better  to  have  divided  the 
genera  in  some  other  manner.  But  none  at  present  appears  any 
more  satisfactory  than  that  adopted  here. 

Having  now  considered  the  anatomy  of  the  individual  members  of 
the  family  in  some  detail,  it  would  be  well  to  determine  what  general 
trends  can  be  seen  in  the  evolution  of  this  group  of  rodents,  and  to 
organize  the  members  of  the  family  on  the  basis  of  such  trends  as  are 
visible,  after  which  the  relationships  of  the  family  as  a whole  may  be 
considered.  Since  the  most  important  material  available  is  the  teeth, 
it  will  be  worth  while  to  review  the  main  modifications  which  are 
found  in  these,  before  proceeding  to  the  rest  of  the  discussion. 

The  upper  premolar,  in  the  original  members  of  this  family,  was 
probably  a quadritubercular  tooth,  with  protocone,  metacone,  hypo- 
cone  and  reduced  paracone.  This  tendency  for  reduction  of  the 
paracone  is  clearly  discernable  in  the  earliest  known  upper  dentition 
referable  to  the  family,  that  of  Heliscomys  gregoryi,  of  the  Middle 
Oligocene  (fig.  146).  By  this  time,  however,  an  internal  cusp  had 
been  added  mediad  of  the  hypocone,  which  is  probably,  by  analogy 
with  the  molars,  a derivative  of  a cingulum,  although  there  is  no 
direct  evidence  as  to  its  homologies.  By  carrying  this  reduction  of 
the  paracone  no  further,  the  structure  of  the  primitive  Heteromyines 
could  be  reached,  while  but  little  further  reduction  would  be  needed 
to  bring  about  the  entire  loss  of  this  cusp,  as  in  the  Perognathinae  and 
Dipodomyinae. 

In  the  Perognathinae,  the  cusps  of  the  metaloph  unite  to  form  a 
simple,  curved  loph,  with  its  concavity  facing  forward,  and  the  proto- 
cone unites  with  the  metaloph,  as  the  tooth  is  worn,  near  the  center 
of  the  tooth — that  is,  with  the  hypocone  or  the  space  between  the 
hypocone  and  metacone.  In  the  Dipodomyinae,  the  point  of  union 
of  the  crests  has  moved  buccally,  paralleling  the  Perognathinae,  but 
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Fig.  146.  Left  upper  premolars  of  heteromyids,  all  X 5. 

differing  in  that  the  change  in  pattern  is  brought  about  by  a forward 
movement  of  the  metacone  rather  than  by  a lateral  movement  of  the 
protocone,  and  further  in  that  the  protocone  unites  with  the  buccal 
margin  of  the  metacone  rather  than  with  the  space  between  it  and 
the  hypocone. 

There  seem  to  be  two  possible  alternatives  as  to  the  origin  of  con- 
ditions now  found  in  this  tooth  among  the  Heteromyinae.  Which 
is  correct  cannot  be  determined  at  present,  so  the  two  alternative 
hypotheses  are  presented.  Starting  from  a point  similar  to  Heliscomys 
gregoryi,  or  even  from  a more  primitive  stage,  in  which  the  paracone 
was  not  so  much  reduced,  the  evolutionary  tendency  might  have  been 
to  preserve  and  develop  the  paracone,  as  well  as  the  protostyle.  The 
result  would  be  such  a tooth  as  is  found  in  the  later  Heteromyinae. 
The  second  alternative,  which  is  more  probable,  intrinsically,  is  that 
the  paracone  has  been  lost  in  all  the  later  heteromyids,  and  that  a 
lateral  style  has  subsequently  been  developed,  similar  to  the  lingual 
protostyle,  in  Liomys  and  Heteromys.  In  the  earlier  stages,  sup- 
posedly ancestral  to  these  genera,  the  protoloph  consisted  of  two 
cusps,  the  protocone  and  protostyle,  as  is  shown  in  Proheteromys 
magnus  (fig.  93).  This  form  is  sufficiently  close,  structurally,  to  the 
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later  Heteromyines  with  a three-cusped  protoloph  to  suggest  that  the 
cusp  buccad  of  the  protocone  in  those  forms  is  a neomorph.  The 
probability  that  this  is  the  case  is  increased  by  the  occurrence  of  such 
cusps  in  Perognathoides.  There  is  so  much  parallelism  among  hete- 
romyids  as  to  suggest  that  if  a pattern  has  been  derived  in  a given 
manner  in  one  form,  the  same  pattern,  if  present  in  other  forms,  is 
very  likely  to  have  been  derived  in  the  same,  or  essentially  the  same, 
manner. 

The  parallelism  between  the  permanent  and  deciduous  premolars 
is  so  great  in  other  respects  that  it  seems  reasonable  to  believe  that  they 
paralleled  each  other  in  this  respect.  Perognathus  clearly  shows  that 
the  third  cusp  of  the  protoloph  of  dP4  is  formed  as  an  up-growth  from 
a basal  cingulum.  In  some  unworn  specimens  of  Dipodomys,  there  is 
a suggestion  of  three  cusps  in  the  protoloph  of  P4,  which,  if  correct, 
would  seem,  by  comparison  with  Cupidinimus , likewise  to  be  a recent 
modification.  In  unworn  teeth  of  Liomys  and  Heteromys,  there  can 
be  no  doubt  that  three  cusps  are  present.  In  these  genera,  the  lophs 
first  unite  at  the  lingual  margin  of  the  tooth,  between  the  protostyle 
and  entostyle.  A considerable  valley  is  present  between  the  hypocone 
and  entostyle,  in  all  Heteromyines,  which  varies  in  size  with  different 
genera,  but  is  sufficiently  large  to  prevent  the  progressive  union  of  the 
lophs  from  lingual  to  buccal  sides,  making  the  loph  J-shaped,  so  that 
after  the  protostyle  and  entostyle  have  joined,  the  next  event  is  the 
union  of  the  buccal  extremities  of  the  lophs,  thus  surrounding  a central 
enamel  lake. 

The  differences  between  the  subfamilies  in  structure  of  the  upper 
premolars  appear  to  be  quite  fundamental,  dating  back  at  least  to 
the  Middle  Miocene,  and  perhaps  going  back  to  Heliscomys.  If  it  is 
necessary  to  include  this  last  in  any  of  the  subfamilies,  the  structure 
of  the  upper  premolar  should  place  Heliscomys  gregoryi  among  the 
Perognathinae. 

The  common  ancestral  form  for  the  lower  premolars  of  all  the  later 
heteromyids  is  such  a tooth  as  is  found  in  Mookomys  or  Proheteromys, 
of  the  Middle  Miocene  (fig.  147).  The  earliest  known  heteromyid, 
Heliscomys  vetus , from  the  Middle  Oligocene,  has  a premolar  formed 
of  but  three  cusps,  the  protoconid,  hypoconid  and  metaconid.  The 
next  stage  in  the  evolution  of  this  tooth  is  shown  in  H.  senex , in  which 
a mesoconid  is  being  formed  at  the  antero-internal  side  of  the  tooth, 
from  a cingulum,  and  a metaconulid  is  also  present.  The  latter  is 
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Fig.  147.  Right  lower  premolars  of  heteromyids,  all  X 5. 


probably  aborted  as  the  former  grows  in  size.  While  it  is  possible  that 
the  metaconulid  is  retained  and  the  mesoconid  lost,  the  alternative 
seems  more  probable.  This  species  is  a welcome  and  long-sought  in- 
termediate between  H.  vetus  and  the  Miocene  members  of  the  family 
such  as  Mookomys  and  Proheteromys,  in  which  the  tooth  is  subquadrate. 
In  P.  parvus,  perhaps  from  the  Middle  Miocene,  the  two  anterior  cusps 
are  closer  together  than  are  any  other  pair,  suggesting  the  possibility 
that  the  anterior  cusp  of  H.  vetus  simply  divided  in  half  to  give  the 
anterior  half  of  the  tooth  of  the  later  forms.  This  same  pattern  oc- 
casionally appears  among  living  members  of  Perognathus  (fig.  18). 
While  this  is  a definite  possibility,  it  can  certainly  not  be  taken  as  an 
established  fact,  and  it  seems  more  likely  that  the  two  cusps  in  Pro- 
heteromys parvus  are  approximated  as  the  initial  step  in  the  formation 
of  a crescentic  loph  such  as  is  found  in  P.  ftoridanus,  especially  as  the 
anterior  ends  of  the  cusps  are  the  closest  together  in  the  former 
species.  While  it  is  possible  that  the  pattern  in  Perognathus  spinatus 
is  a reversion,  it  is  considered  more  probably  a case  of  degeneration. 

In  the  Perognathinae,  the  protoconid  and  mesoconid  normally 
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remain  much  more  distinct  from  each  other  than  do  the  other  two 
cusps,  and,  when  they  do  unite  to  form  a loph,  they  meet  at  an  obtuse 
angle,  with  the  concavity  directed  anterad.  This  tends  to  bring  the 
two  lophs  into  approximation,  so  that,  as  wear  proceeds,  the  lophs 
unite  in  the  center  of  the  tooth,  giving  what  has  been  called  an  X- 
pattern.  Further  wear  merely  enlarges  this  area  of  union,  extending 
it  both  buccally  and  lingually.  This  type  of  premolar  is  found  in 
Mookomys,  Perognathoides,  Perognathus  and  Microdipodops.  In 
Perognathus  nelsoni  and  P.  spinatus,  this  tooth  undergoes  a series  of 
mutations,  developing  a large  number  of  different  patterns,  some  of 
which  approach  or  attain  the  patterns  found  in  Proheteromys  and 
Heliscomys , while  others  are  unique.  The  ones  that  are  like  those  of 
other  heteromyids  are  probably  caused  by  identical  mutations  of  the 
same  gene.  This  is  an  interesting  addition  to  the  group  of  cases  show- 
ing that  the  greatest  parallelism  is  between  closely  related  forms,  and 
indicates  that  the  underlying  causes  of  such  parallelism  are  to  be 
found  not  in  similarity  of  environment  alone,  but  also  in  similarity  or 
identity  of  genetic  composition. 

The  pattern  of  P4  in  the  Dipodomyinae  is  similar  to  that  in  the 
Perognathinae,  except  for  the  progressive  development  of  an  extra 
cusp  in  the  metalophid  of  the  former.  It  is  not  certain  at  present 
whether  this  is  a hypostylid  or  whether  it  is  an  intermediate  cusp  in 
the  center  of  the  loph,  analogous  to  the  intermediate  cusps  of  the 
protolophid  of  the  Heteromyinae,  although  the  former  is  more  likely. 

In  the  Heteromyinae,  on  the  contrary,  the  premolar  follows  the 
lead  of  the  molars,  and  progressively  develops  numerous  cingulum 
cusps,  eventually  reaching  a much  more  complicated  pattern  than  is 
approached  by  any  of  the  molars.  The  earliest  known  Heteromyine, 
Proheteromys , shows  no  signs  of  cingulum  cusps,  the  premolar  being 
quadritubercular  and  differing  from  the  corresponding  tooth  in  the 
Perognathinae  merely  in  having  the  protolophid  convex  anteriorly 
instead  of  concave.  This  convexity  is  due  to  the  approximation  of  the 
anterior  edges  of  the  mesoconid  and  protoconid,  instead  of  the  ap- 
proximation of  their  posterior  margins. 

The  next  stage  is  the  development  of  an  anteroconid  between  the 
mesoconid  and  the  protoconid,  just  appearing  in  Peridiomys  rusticus 
and  P.  oregonensis,  and  clearly  shown  in  Diprionomys  agrarius. 
Liomys  indicates  the  next  stage  in  one  direction  from  this  point,  hav- 
ing the  number  of  anteroconids  increased,  reaching  as  high  as  four  in 
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some  specimens,  though  usually  limited  to  two.  The  origin  and 
manner  of  multiplication  of  these  cusps  is  still  uncertain,  though  it  is 
probable  that  both  can  be  explained  under  the  general  heading  of 
budding  from  the  base  of  the  adjacent  cusps.  Heteromys,  on  the 
other  hand,  starting  from  a stage  similar  to  that  in  D.  agrarius,  has 
developed  cingula.  These  extend  along  the  whole  buccal  and  anterior 
faces  of  the  tooth  and  part  way  around  onto  the  lingual  side.  From 
them  are  developed  the  hypostylid,  mesostylid  and  from  two  to  four 
anterior  cusps.  It  is  possible  that  the  anteroconids  in  Liomys  repre- 
sent derivatives  from  the  cingulum,  with  the  cingulum  itself  sup- 
pressed, but  this  is  entirely  hypothetical.  In  the  more  primitive  species 
of  Heteromys,  but  two  anterior  cingulum  cusps  are  present,  forming  a 
loph  anterior  to  the  protolophid,  thus  giving  a three-lophed  tooth 
(fig.  147).  In  the  progressive  forms,  however,  the  anteroconid  or 
conids  appear  to  have  been  squeezed  out  of  the  protolophid,  and 
forced  against  the  cingulum,  carrying  it  forward  ahead  of  it  (or  them). 
Two  cingulum  cusps  now  occur  anterior  to  the  anteroconid,  and  one 
on  each  side  of  it,  forming,  in  this  manner,  a four-lophed  tooth  (fig. 
135).  What  the  mutual  relations  of  the  cusps  in  the  four-cusped  and 
two-cusped  cingula  are,  cannot  definitely  be  determined  at  present, 
though  it  is  quite  likely  that  each  of  the  original  two  has  split  in  half. 
By  comparison  with  the  deciduous  teeth  of  Dipodomys,  however 
(figs.  68-71  and  151),  it  would  seem  possible  that  the  additional 
cusps  represent  separate  swellings  of  the  cingulum,  tending  to  develop 
whenever  the  cingulum  between  two  cusps  became  long  enough  to 
support  a third  cusp.  A mesostylid  develops  in  Heteromys  after  the 
forward  migration  of  the  anteroconid  has  left  space  in  which  it  can 
form. 

It  may  be  seen,  from  this  summary,  that  the  evolution  of  the  pre- 
molars gives  the  effect  of  an  innate  (or  orthogenetic)  tendency  to  de- 
velop cusps,  which  appear  whenever  there  is  space  to  allow  their 
growth.  Whether  or  not  the  presence  of  space  is  the  causal  character, 
this  is  certainly  descriptive  of  the  appearance  of  the  manner  of  evolu- 
tion, although  the  same  results  could  be  equally  well  explained  as  being 
due  to  the  development  of  a new  cusp,  forcing  the  other  parts  of  the 
tooth  to  move  apart  and  make  room  for  it.  Here,  as  elsewhere  in 
paleontology,  it  is  difficult  to  distinguish  between  cause  and  effect, 
which  explains  the  popularity  of  hypotheses  involving  orthogenesis. 

The  molars  of  all  the  later  heteromyids  are  derivable  from  those  of 
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such  a form  as  Heliscomys , through  intermediate  stages  such  as 
Mookomys  or  Proheteromys  (see  fig.  148).  Originally  the  molars  were 


Fig.  148.  Left  upper  molars  of  heteromyids,  all  X 5. 


doubtless  quadritubercular,  with  a cingulum  on  the  protomere.  This 
early  grew  in  elevation,  and  tended,  in  the  first  two  molars,  to  become 
subdivided  into  two  cusps.  This  is  the  situation  in  Heliscomys , the 
various  species  indicating  successive  stages  in  the  growth  of  the 
cingulum.  By  the  time  the  evolutionary  stage  of  Heliscomys  gregoryi 
had  been  attained,  the  protostyle  and  entostyle  were  of  as  great  size 
as  the  protocone  and  hypocone,  although  the  valley  separating  the 
two  cingulum  cusps  was  not  as  deep  as  the  median  valley  in  the  other 
portions  of  the  tooth.  In  the  third  upper  molar  of  this  stage,  however, 
the  cingulum  was  not  subdivided,  being  formed  of  a single  cusp,  which 
may  be  considered  the  protostyle.  The  hypocone  had  not  yet  de- 
veloped in  this  tooth,  the  internal  cingulum  continuing  to  the  meta- 
cone. 

In  Mookomys  and  later  Perognathines  and  Dipodomyines,  the  six 
cusps  of  the  first  two  molars  unite  to  form  lophs,  which  unite,  on 
wear,  at  the  lingual  side — i.e.,  that  originally  bounded  by  the  cingulum. 
In  these  forms,  the  union  of  the  two  lophs  generally  extends  progres- 
sively from  the  lingual  to  the  buccal  side  of  the  tooth.  In  two  forms, 
Perognathus  penicillatus  pricei  and  P.  flavus  mexicanus , the  lophs 
first  unite  via  the  protocone  and  hypocone,  so  that  an  H-pattern  is 
developed,  similar  to  that  in  the  lower  teeth.  This  has  not  been 
observed  in  any  other  forms.  Sometimes,  the  flanks  of  the  paracone 
and  metacone  extend  into  the  median  valley,  so  that  a lake  is  formed 
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on  wear,  though  its  life  is  very  short.  In  Microdipodops,  this  is  carried 
still  further,  and  the  buccal  margins  of  the  lophs  in  these  two  teeth 
curve  toward  each  other,  so  that  a central  lake  is  soon  formed.  This 
lake  has  only  a short  life,  because  of  the  shortening  of  the  occlusal 
part  of  the  crown,  but  the  situation  appears  to  be  closely  similar  to 
that  in  Heteromys  and  Liomys , where  the  lakes  developed  from  the 
median  valley  have,  however,  a much  longer  life. 

The  Y-patterns  described  above  as  occurring  in  Heteromyines  is 
developed  when  the  entostyle  separates  from  the  hypocone  and  mi- 
grates along  the  posterior  side  of  the  tooth,  forming  a posterior 
cingulum,  occasionally  reaching  as  far  as  the  metacone,  while  the 
hypocone  becomes  large,  reaching  the  lingual  margin  of  the  tooth. 
This  tends  to  increase  the  number  of  transverse  blades  in  the  tooth 
row,  paralleling,  on  a small  scale,  the  early  stages  in  the  Proboscidea. 
This  has  been  a frequent  evolutionary  tendency  among  the  rodents, 
almost  every  family  having  developed  extra  blades  at  least  once.  In 
most  cases,  the  exact  method  of  procedure  is  still  uncertain,  so  it  is 
interesting  to  observe  that,  in  all  members  of  the  Heteromyidae  in 
which  extra  crests  are  developed,  they  arise  in  whole  or  part  as  elevated 
cingula.  It  is  this  superficial  parallel  in  the  later  and  more  specialized 
rodents  which  has  induced  some  authors  to  postulate  a real  relation- 
ship between  the  Proboscidea  and  the  Rodentia.  A more  detailed 
discussion  of  the  latest  of  these  (Friant,  1932&)  may  be  found  in 
Simpson  (1933a). 

The  modifications  undergone  by  M3  are  less  certainly  determinable. 
From  the  primitive  stage  as  represented  by  H.  gregoryi,  with  three 
main  cusps  and  a single-cusped  cingulum,  the  next  stage  appears  to 
have  been,  in  every  case  where  data  are  available,  a splitting  of  the 
cingulum  to  form  two  cusps,  the  posterior  of  which  is  called,  for  the 
sake  of  uniformity,  the  entostyle.  If  any  additional  cusps  are  de- 
veloped, the  usual  procedure  is  for  a bud  to  be  given  off  from  the 
buccal  margin  of  the  metacone,  which  becomes,  in  Microdipodops , 
sufficiently  large  to  unite  with  the  paracone  as  soon  as  the  protostyle 
and  entostyle  have  united,  surrounding  a large  central  crater.  In 
Dipodomys , the  union  of  the  buccal  cusps  is  accentuated,  so  that  M3 
in  this  genus  forms  a U,  opening  linguad,  the  reverse  of  M1-2.  The 
situation  in  the  living  Heteromyines  is  less  clear,  and  the  problem  is 
not  settled  by  the  fossils.  In  this  group,  the  metaloph  is  three- 
cusped,  the  first  point  of  union  being  lingual  and  the  second  buccal, 
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as  in  M1-2  of  the  same  forms,  and  as  in  Microdipodops.  Whether 
the  cusps  are  the  same  as  those  in  the  metaloph  of  Dipodomys  and 
Microdipodops , or  whether  they  are  homologs  of  the  cusps  of  the 
metaloph  of  M1-2 — i.e.,  whether  there  is  a hypocone  present — can 
not  be  decided  at  present. 

In  the  heteromyids,  as  is  often  the  case  among  rodents,  the  structure 
of  the  lower  molars  is  nearly  or  quite  a mirror  image  of  the  uppers, 
with  essentially  the  same  mode  of  evolutionary  development.  This  is 
fortunate  for  the  paleontologist,  as  it  makes  the  interpretation  simpler, 
one  set  of  teeth  helping  to  explain  the  other.  Furthermore,  as  lower 
jaws  of  rodents  are  much  more  abundant  as  fossils  than  are  uppers, 
it  enables  the  phylogeny  to  be  worked  out  with  much  greater  certainty 
than  if  it  were  necessary  to  rely  solely  on  upper  teeth,  as  is  essentially 
the  case  among  Perissodactyls,  for  example.  The  course  of  evolu- 
tion in  the  lower  molars  has  not  been  identical  with  that  of  the  uppers 
in  all  particulars,  however. 

The  initial  stage  known  for  Mi_2  was  a four-cusped  tooth,  with  a 
two-cusped  external  cingulum,  the  anterior  cusp  being  much  the 
larger.  This  is  found  in  Heliscomys  vetus.  In  Paramys,  the  lower 
molars  are  elongate  antero-posteriorly.  In  H.  vetus , they  are  square, 


H.  vetus 

Fig.  149.  Right  lower  molars  of  heteromyids,  all  X 5 
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but,  disregarding  the  cingulum,  the  remaining  part  is  much  the  same 
shape  as  in  the  corresponding  teeth  of  Paramys.  In  H.  senex  and  later 
members  of  the  family,  the  teeth  are  elongate  transversely,  and  the 
four  primary  cusps,  homologous  to  those  of  Paramys , form  a square. 
In  the  Miocene,  the  six  cusps  of  the  molars  gave  rise  to  two  three- 
cusped  transverse  crests.  Primitively,  these  crests  united  first  at  the 
buccal  side,  and  continued  to  fuse  progressively  to  the  lingual  side, 
as  the  tooth  became  worn.  This  is  the  case  among  most  species  of 
Perognathus  at  present,  as  well  as  among  the  largest  number  of  fossil 
forms.  In  many  forms,  however,  as  in  some  species  of  Perognathus , 
and  in  Dipodomys,  Microdipodops  and  Peridiomys , there  is  progres- 
sively a tendency  for  the  point  of  initial  union  of  the  lophs  to  move 
toward  the  center  of  the  tooth,  so  that  the  protoconid  and  hypoconid 
meet  first,  forming  an  H.  In  typical  Heteromyines,  the  first  union 
occurs  at  the  lingual  border,  but  the  second  is  between  the  metaconid 
and  entoconid,  so  that  a central  lake  is  formed,  as  in  the  upper  teeth. 

In  M3,  there  early  appears  to  have  been  a divergence.  In  the 
earliest  known  form  in  which  this  tooth  is  preserved,  Heliscomys  senex , 
the  hypolophid  is  two-cusped,  the  cingulum  showing  no  signs  of 
subdivision,  though  it  extends  the  whole  length  of  the  tooth.  In 
Proheteromys  parvus , the  hypolophid  was  three-cusped,  consisting  of 
an  entoconid,  hypoconid  and  minute  hypostylid.  This  is  essentially 
the  basis  for  the  pattern  in  later  Heteromyines.  In  the  other  sub- 
families, however,  the  more  primitive  members  all  appear  to  have  a 
two-cusped  hypolophid,  the  hypostylid  apparently  being  absent,  as  in 
H.  senex.  This  explains  why,  in  some  species  of  Perognathus , the  two 
lophs  unite  lingually  first,  the  metaconid  being  closer  to  the  entoconid 
than  the  protostylid  is  to  the  hypoconid.  In  other  species  of  Perogna- 
thus, as  well  as  in  Dipodomys,  a small  cuspule  appears  to  be  develop- 
ing at  the  buccal  end  of  the  hypolophid,  apparently  being  derived  from 
the  cingulum,  as  it  unites  shortly  with  the  protostylid,  making  the 
pattern  of  this  tooth  agree  with  that  of  Mi_2. 

In  the  later  Heteromyinae,  the  lower  molars  develop  accessory 
lophs  in  the  same  manner  as  do  the  uppers,  the  protostylid  migrating 
along  the  front  of  the  protoconid  to  form  an  anterior  cingulum,  while 
the  protoconid  moves  out  to  the  buccal  margin  of  the  tooth,  making 
a Y-pattern. 

One  of  the  greatest  specializations  in  cheek  teeth,  upper  and  lower, 
occurs  in  Dipodomys,  and  represents  one  of  the  most  interesting 
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parallels  to  the  Geomyidae  to  be  found  among  heteromyids.  After 
the  teeth  have  become  entirely  rootless  and  much  compressed  antero- 
posteriorly,  the  enamel  becomes  thin  and  finally  disappears  at  the 
buccal  and  lingual  margins  of  the  tooth.  This  increases  the  efficiency 
of  the  scissors-like  shearing  of  the  enamel  blades,  by  removing  all 
superfluous  enamel,  since  it  would  otherwise  require  an  additional 
expenditure  of  energy  to  slide  the  lower  teeth  across  the  uppers,  be- 
cause, since  the  enamel  protrudes  beyond  the  dentine  due  to  the  more 
rapid  erosion  of  the  latter,  it  is  only  the  enamel  blades  that  actually 
come  into  contact  with  each  other.  The  greater  the  area  of  enamel, 
the  greater  the  friction  in  grinding.  As  the  movement  of  the  jaws 
is  predominantly  antero-posterior,  the  enamel  at  the  buccal  and 
lingual  margins  of  the  teeth  has  little  or  no  functional  value,  and  is 
hence  eliminated,  thus  reducing  the  friction  and  increasing  the 
efficiency  of  the  shear.  This  is  the  stage  that  has  been  attained,  not 
only  in  Dipodomys,  but  also  in  many  geomyids,  as  Geoniys,  Zygogeomys, 
Macrogeomys  and  Heterogeomys  (Merriam,  1895,  pp.  96-97,  where  a 
fuller  treatment  of  the  mechanics  is  entered  into).  In  the  more  pro- 
gressive Geomyidae,  as  Platygeomys  and  Cratogeomys  (Merriam,  1895, 
pp.  94-96),  the  process  has  been  carried  one  step  further,  the  enamel 
being  reduced  to  a single  strip,  on  one  side  of  the  tooth.  As  the 
blades  are  on  opposite  sides  of  the  upper  and  lower  teeth,  and  are 
concave  in  opposite  directions,  this  represents  a still  further  increase 
in  efficiency,  the  food  being  caught  between  the  concavities  of  approach- 
ing blades,  and  no  enamel  being  present  which  does  not  come  into  use 
during  every  shear  of  the  cheek  teeth. 

The  evolution  of  the  deciduous  premolars  is  supported  by  much 
less  paleontological  evidence  than  is  that  of  the  permanent  teeth. 
There  is,  however,  a large  amount  of  evidence  available  in  the  decidu- 
ous teeth  of  living  heteromyids,  which  supplies  almost  all  the  structural 
intermediates  between  the  more  primitive  permanent  premolars  (as 
those  of  Proheteromys  and  Mookomys ),  and  the  most  specialized 
modern  deciduous  premolars.  The  two  examples  of  milk  teeth  known 
among  the  fossils  fit  into  this  series  in  positions  expectable  from  the 
general  evolutionary  stages  of  the  animals  in  question.  The  most 
primitive  known  upper  deciduous  premolars  differ  from  the  permanent 
premolars  of  the  same  form  in  the  possession  of  a cingulum  running 
around  the  periphery  of  the  teeth,  connecting  with  all  of  the  cusps. 
This  occurs  in  Proheteromys  magnus  and  Perognathus  apache.  The  next 


1935 


Wood:  Evolution  of  Heteromyid  Rodents 


219 


.gaumeri 


a noma)  us 


Dipodomjs 


Proheteromys 


’Perognathus 

apache 


Fig.  150.  Left  upper  deciduous  premolars  of  heteromyids,  all  X 5. 


stages,  as  shown  in  various  species  of  Perognathus,  involve  the  develop- 
ment of  accessory  cusps  from  the  cingulum  beside  the  protocone  and  in 
front  of  it.  This  results  in  the  three-lophed  tooth  shown  in  the  other 
modern  genera.  The  variations  from  this  type  are  but  slight,  the  most 
pronounced  being  the  occurrence  of  a lake  in  the  posterior  loph  in 
Heteromys,  suggesting  the  presence  of  a posterior  cingulum,  as  in  the 
permanent  premolar. 

In  the  lower  deciduous  premolars,  the  most  primitive  stage  we  know 
is  again  represented  by  P.  apache.  This  tooth  bears  four  main  cusps, 
apparently  homologous  to  those  of  the  permanent  premolar,  an  in- 
cipient posterior  cingulum,  and  an  anteroconid.  The  next  stages  in- 
volve strengthening  this  last  cusp  and  the  cingulum.  Next,  an 
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anterior  cingulum  develops  from  the  mesoconid  to  the  protoconid, 
giving  rise  to  two  or  more  cusps.  A migration  of  the  anteroconid,  as 
in  P4  of  Heteromys,  usually  takes  place,  though  it  does  not  reach  the 
extremes  occurring  in  the  permanent  prem’olar.  In  Dipodomys,  the 
cingulum  does  not  reach  the  protoconid,  ending  at  the  anteroconid. 
Frequently,  a buccal  cingulum  is  also  present,  from  which  two  or  more 
stylids  may  develop. 

It  is  worth  noting  that  the  deciduous  teeth  in  Dipodomys  and 
Heteromys  are  definitely  less  specialized  than  are  the  permanent  pre- 
molars. In  Dipodomys , the  deciduous  teeth  are  short-crowned, 
rooted,  and  do  not  develop  enamel  breaks.  In  Heteromys , they  do 
not  go  to  such  extremes  of  specialization  in  the  development  of  ad- 
ditional anterior  lophs  as  do  the  permanent  lower  premolars.  This  is  a 
reversal  of  the  usual  situation  among  mammals,  the  permanent  pre- 
molars being  more  molariform  than  the  milk  teeth. 

A further  point  of  considerable  interest  is  the  comparative  rates  of 
evolutionary  development  of  the  deciduous  teeth  in  different  forms. 
In  Perognathus,  there  is  considerable  modification  of  dP4  while  the  lower 
tooth  is  relatively  stable,  whereas  in  Microdipodops  and  Dipodomys , 
the  upper  premolar  stays  essentially  as  it  was  in  the  more  specialized 
types  of  Perognathus , and  the  lower  premolar  undergoes  considerable 
modification,  showing  the  lack  of  correlation  between  rates  of  evolu- 
tion, not  only  for  related  structures  in  a given  organism,  but  also  for 
the  same  structure  in  related  organisms.  The  fact  that  in  Heteromys 
and  Liomys  there  appears  to  be  relatively  little  variation  of  the 
deciduous  teeth,  but  a great  deal  in  the  permanent  premolars,  is  an- 
other instance  pointing  to  the  same  conclusion.  Another  instance  of 
the  same  tendency  toward  lack  of  uniformity  may  be  found  in  Pero- 
gnathus, where  the  bullae  of  the  subgenus  Perognathus  show  much 
greater  advances  toward  the  conditions  in  Dipodomys,  whereas  the 
intermembral  indices  of  the  subgenus  Chaetodipus  are  the  more  ad- 
vanced. From  these  examples,  it  is  clear  that  generalizations  as  to  the 
rate  of  evolution,  drawn  from  one  structure  in  one  line,  would  usually 
prove  entirely  incorrect  if  extended  to  another  line,  even  if  the  two 
groups  were  closely  related. 

The  great  variation  among  the  deciduous  teeth  of  a single  modern 
genus,  as  Perognathus,  or  in  the  permanent  premolars  of  Heteromys, 
together  with  the  considerable  range  of  variation  in  other  structures 
within  a genus  or  even  a species  of  modern  heteromyids,  suggests  very 
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definitely  that  the  evolution  of  the  family  is  proceeding  at  least  as 
rapidly  now  as  at  any  time  in  the  past.  Osborn  (1934,  p.  44)  has  cited 
the  rodents  as  a group  which  have  remained  essentially  unchanged 
since  the  Lower  Pleistocene.  From  the  apparent  rapid  evolution  that 
the  heteromyids  are  undergoing  at  present,  as  well  as  from  the  con- 
siderable structural  gap  occurring  between  such  late  Pliocene  forms  as 
Dipodomys  gidleyi  and  the  modern  D.  ordii , it  would  appear  that  among 
the  Heteromyidae,  at  least,  such  is  not  the  case.  I believe  the  same 
to  be  true  of  other  families  of  rodents.  The  apparent  stability  is  prob- 
ably due  either  to  the  absence  of  fossils,  so  that  the  variations  cannot 
be  discovered;  to  incorrect  determination  of  the  level  in  the  Pleisto- 
cene from  which  fossil  rodents  were  derived;  to  poor  material,  such 
as  badly  worn  teeth;  or  to  lack  of  familiarity  with  rodents  on  the  part 
of  the  identifier.  The  small  size  of  most  rodents  is  doubtless  a factor 
in  this  last  item,  at  least.  Benson  (1933)  has  shown  that  marked 
differences  have  been  acquired  in  Perognathus,  of  subspecific  value, 
since  late  Pleistocene.  In  the  southwest,  races  of  pocket  mice  living 
on  Pleistocene  lava  flows  have  developed  striking  differences  in  color 
from  related  forms  living  in  adjacent  sandy  areas.  Hinton  (1926) 
has  shown  that  in  the  Microtines,  at  least,  there  has  been  considerable 
dental  evolution  during  the  Pleistocene.  In  view  of  the  great  range 
among  recent  heteromyids,  of  the  considerable  gaps  between  the 
Pliocene  and  recent  forms,  and  of  the  known  modification  of  some 
forms  since  late  Pleistocene,  it  would  be  extremely  surprising  if  there 
were  not  essentially  as  much  detectable  variation  among  Pleistocene 
heteromyids  as  among  an  average  family  of  Pleistocene  Proboscidea, 
if  the  heteromyids  were  represented  in  collections  by  an  equal  amount 
of  material. 

In  an  interesting  paper,  Frechkop  (1933)  discusses  the  homologies 
of  the  cusps  of  mammalian  teeth  and  the  manner  of  their  derivation. 
He  has  proposed  the  hypothesis  of  “homodynamie  renversee,”  by 
which  not  only  is  the  lingual  side  of  the  upper  molars  homologized 
with  the  buccal  side  of  the  lower,  but  also  the  anterior  side  of  the 
uppers  is  homologized  with  the  posterior  side  of  the  lowers.  He  cites 
much  evidence  of  similarities  between  one  end  of  the  upper  teeth  and 
the  other  end  of  the  corresponding  lowers  in  support  of  this  hypothesis, 
and  considers  (pp.  14-15)  that  Heliscomys  is  a clear  instance  in  point. 
The  patterns  of  the  teeth  of  recent  heteromyids,  especially  Ileteromys, 
as  described  above,  add  additional  material  to  his  evidence. 
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There  can  be  no  doubt  of  the  fact  that,  given  quadritubercular  teeth 
in  both  upper  and  lower  jaws  to  start  with,  additional  elements,  among 
rodents  in  general  and  heteromyids  in  particular,  are  likely  to  be 
added  at  opposite  margins  of  the  upper  and  lower  teeth — a cingulum 
or  a series  of  cusps  added  at  the  anterior  side  of  a lower  tooth  is  likely 
to  be  balanced  by  a similar  series  at  the  posterior  side  of  the  cor- 
responding upper  tooth.  If  the  tooth  in  question  is  in  the  center  of 
the  tooth  row,  such  is  almost  certain  to  be  the  case.  If,  however,  the 
tooth  on  which  the  additional  elements  occur  is  at  either  the  anterior 
or  posterior  end  of  the  tooth  row,  the  effect  in  the  other  jaw  is  likely 
to  be  most  pronounced  at  the  other  end  of  the  tooth  row.  For  ex- 
ample, in  Heteromys , the  three  or  four  lophed  P4  is  accompanied  by  a 
three  lophed  M3,  M1-2  being  two  or  two  and  a half  lophed;  in  Microtus, 
the  two  largest  and  most  complicated  teeth  are  Mi  and  M3;  and  in 
Hydrochoerus,  the  remarkably  specialized  M3  is  accompanied  by  a 
considerably  complicated  P4.  Other  examples  could  be  cited.  This 
suggests,  as  a logical  extension  of  Frechkop’s  hypothesis,  that  the  most 
posterior  tooth  in  the  upper  tooth  row  is  homologous  with  the  most 
anterior  in  the  lower  row. 

But,  even  granting  the  apparent  validity  of  “homodynamie  ren- 
versee”  when  applied  in  a purely  descriptive  manner  to  accessory 
cingula  and  cusps  acquired  on  the  opposite  ends  of  teeth  in  the  upper 
and  lower  jaws,  late  in  the  evolutionary  development,  a serious  stum- 
bling block  awaits  the  application  of  the  hypothesis  to  the  four  primary 
cusps  of  such  a form  as  Heliscomys.  The  four  cusps  in  M1-2  appear 
without  doubt  to  be  paracone,  metacone,  protocone  and  hypocone, 
and  in  Mi_2,  to  be  protoconid,  hypoconid,  metaconid  and  entoconid. 
These  can  readily  be  homologized  with  similar  cusps  in  Paramys. 
In  this  latter  genus,  however,  the  upper  molars  also  have  a proto- 
conule  and  a metaconule.  No  described  form  of  Paramys  shows  any 
trace  of  a paraconid.  But,  by  comparison  with  members  of  the 
Creodont-Condylarth-Insectivore  stock  of  the  Paleocene,  to  which 
Paramys  is  certainly  related,  there  seems  to  be  little  doubt  that  a 
paraconid  was  present  in  the  ancestors  of  Paramys , and  that  the 
entoconid  grew  up  as  the  paraconid  diminished,  taking  the  functional 
place  of  the  paraconid  of  the  next  tooth  to  the  rear,  and  occluding 
with  the  valley  between  the  protocone  and  hypocone.  While  this 
change  in  the  cusps  of  the  lower  teeth  was  in  progress,  the  cusps  of 
the  upper  molar  remained  the  same,  except  that  the  buccal  styles 
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of  the  Paleocene  or  Cretaceous  ancestors  are  greatly  reduced  in 
Paramys.  If  the  entoconid  is  a neomorph  as  suggested,  to  which  cusp 
of  the  upper  molar  can  it  be  homologous?  According  to  this 
theory  it  would  be  equivalent  to  the  paracone.  But  what  was  the 
homolog  of  the  paracone  before  the  reduction  of  the  paraconid  and  the 
development  of  the  entoconid?  Apparently  now  it  would  be  con- 
sidered to  be  the  metaconid.  It  seems  obvious  that  the  paracone  can- 
not be  homologous  to  the  metaconid  at  one  stage  in  the  evolution 
of  the  tooth  and  to  the  entoconid  at  another,  if  these  two  cusps  are 
different  and  if  the  paracone  is  the  same  cusp  throughout. 

Frechkopdoes  not  appear  to  realize  the  fundamental  importance  of 
the  styles  among  the  early  mammals,  as  he  considers  them  (p.  20) 
as  forming,  with  the  paracone  and  metacone,  a single  row  of  cusps 
of  uniform  origin,  homologous  to  the  internal  row  of  the  lower  molars. 
The  protocone,  hypocone  and  conules  cannot,  however,  be  homo- 
logous to  the  trigonid  of  the  lower  molars,  being  later  additions,  de- 
veloped as  the  buccal  part  of  the  upper  molars  was  reduced,  and  as  the 
function  of  the  primitive  teeth  changed  from  shearing  to  partly 
grinding.  If  the  various  cusps  that  Frechkop  is  comparing  have 
entirely  different  origins,  it  seems  difficult  to  consider  them  homo- 
logous. 

Another  point  that  Frechkop  stresses  is  the  strong  tendency  for  the 
development  of  three  antero-posterior  rows  of  cusps  on  the  upper 
molars,  after  a primitive  four-cusped  stage  has  been  attained.  The 
heteromyids,  which  he  cites  as  an  example  of  this,  cannot  be  con- 
sidered as  such,  since  the  teeth  consist  of  two  transverse  crests  of  three 
cusps  each,  with  no  indication  of  antero-posterior  alignment,  as  can 
be  seen  in  any  partly  worn  teeth  (see  figs.  1 1,  13,97,  103,  etc.). 6a  In  the 
Perissodactyls,  a similar  tendency  for  the  formation  of  three  rows  of 
cusps,  which  Frechkop  cites  as  occurring  through  the  development  of 
conules,  would  seem,  if  present  at  all,  merely  to  be  a retention  of  the 
conules,  primitive  structures  lost  in  the  ancestry  of  the  Heteromyidae 
between  Paramys  and  Heliscomys,  as  also  occurs  in  many  other 
rodents.  I am  not,  however,  familiar  with  any  Perissodactyl  which  I 
should  consider  shows  any  tendency  toward  the  acquisition  of  three 

6aFriant  has  stressed  this  supposed  arrangement  in  three  antero-posterior  rows 
as  a fundamental  concept  of  her  theory.  As  there  is  obviously  no  basis  for  this 
idea  among  the  rodents,  her  theory  may  safely  be  disregarded  at  least  as  far  as 
this  order  is  concerned. 
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antero-posterior  rows  of  cusps.  There  can  be  no  doubt  in  the  mind 
of  anyone  familiar  with  Cretaceous  and  early  Tertiary  mammals, 
that  the  conules  are  an  ancient  part  of  the  teeth,  although  Frechkop 
(p.  20)  considers  them  a secondary  development  in  the  Artiodactyls. 

Therefore,  it  seems  that  Frechkop’s  hypothesis  of  “homodynamie 
renversee”  cannot  be  accepted  at  its  face  value  as  an  exposition  of  the 
homologies  of  the  parts  of  mammalian  teeth.  Since  it  does  represent 
some,  at  least,  of  what  happens  in  the  later  evolution  of  rodent  teeth, 
as  is  certainly  the  case  in  many  forms  (to  the  extent  that  a cingulum 
is  developed  at  the  anterior  side  of  the  lower  molars  at  the  same 
time  that  one  is  being  formed  at  the  posterior  side  of  the  uppers,  as 
in  Heteromys) , it  may  be  worth  while  to  make  an  attempt  at  dis- 
covering the  underlying  cause.  In  movement  of  the  jaws  of  rodents, 
there  is  a much  larger  antero-posterior  component  than  in  most 
mammals.  This  being  the  case,  there  would  be  a greater  similarity 
between  the  stresses  at  the  anterior  end  of  the  lower  teeth  and  the 
posterior  end  of  the  upper  teeth  (or  vice  versa)  than  is  usually  the  case. 
This  would  tend  to  allow  similar  developments  of  crests  and  cusps  at 
the  two  ends,  tending  to  be  analogous,  though  not  truly  homologous, 
as  they  would  not  be  derived  from  homologous  sources.  This  process 
is  well  shown  in  Heteromys , and  occasionally  shows  up  in  other  hete- 
romyids.  The  Geomyidae  are  an  interesting  case  in  point.  Here  the 
end  stage  of  the  reduction  of  the  enamel  of  the  molars  is  shown  by 
Platygeomys,  where  the  enamel  is  reduced  to  an  anterior  plate  in  the 
upper  teeth  and  a posterior  plate  in  the  lowers.  This  seems  to  indi- 
cate analagous  stresses  rather  than  a homology  of  parts,  as  Merriam 
(1895)  has  indicated  that  the  enamel  retained  is  determined,  not  by  the 
homologies  of  the  part  of  the  tooth  it  occupies,  but  by  the  mechanical 
principles  necessary  to  give  the  maximum  of  efficiency  to  the  shearing 
movements  of  the  teeth.  As  the  reduction,  which  thus  appears  not 
to  be  due  to  underlying  homologies,  affects  the  teeth  in  the  same  way 
as  the  increase,  of  parts,  it  seems  best  to  refer  them  both  to  a com- 
mon cause — analogous  stresses  in  analogous  parts  of  the  teeth. 

In  spite  of  these  objections  to  the  hypothesis,  it  does  present  a 
useful  aid  in  understanding  the  later  development  of  rodent  tooth 
patterns,  provided  that  it  is  realized  that  the  hypothesis  merely  de- 
scribes the  conditions  as  they  occur,  without  explaining  their  origin. 
The  later  rodents  do  tend  to  develop  a mirror  imagery  of  such  a sort 
that  not  only  the  outer  side  of  the  upper  teeth  resembles  the  inner 
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side  of  the  lowers,  but  also  so  that  the  anterior  side  of  the  uppers 
resembles  the  posterior  side  of  the  lowers,  and  the  anterior  tooth  of 
the  upper  jaw  tends  in  some  cases  to  resemble  the  posterior  tooth  of 
the  lower  jaw.  This  tendency  has  not  been  stressed  by  most  writers 
on  dental  evolution  and  mammalian  paleontology,  probably  because 
insufficient  work  has  been  done  on  rodents  to  give  a clear  idea  of  their 
evolutionary  tendencies.  It  is  this  tendency  which  forms  the  backbone 
of  Frechkop’s  theory.  As  far  as  this  is  the  case,  we  are  in  entire  accord. 

Among  rodents,  one  very  common  variation  is  the  development 
of  a groove  in  the  upper  incisor,  usually  at  about  its  center.  The 
functional  value  of  this,  if  there  be  any,  is  unknown,  though 
Merriam  (1895,  p.  89)  suggests  that  the  division  of  the  incisor  into  two 
sections  enables  the  animal  better  to  hold  the  food  in  place  while 
cutting  it  with  the  lower  incisors.  Obviously,  such  a groove  would 
increase  the  amount  of  enamel  on  a tooth  of  a given  width,  and  so 
might  be  of  use  in  forms  that  used  their  teeth  in  heavy  gnawing.  On 
the  other  hand,  the  presence  of  such  a groove  certainly  would  make 
the  edge  slightly  less  sharp,  and  so  reduce  the  efficiency.  Large  forms 
such  as  the  beaver  and  porcupine  do  not  show  any  trace  of  sulci, 
though  small  grooves  in  large  numbers  cover  the  incisors  of  Castoroides, 
and  strong  sulci  are  present  in  both  upper  and  lower  incisors  of  Hydro- 
choerus.  There  may  be  little,  if  any,  adaptational  advantage  in  the 
possession  of  grooved  incisors.  It  is  very  possible  that  there  is  a single 
gene  which  governs  the  grooving  or  absence  of  grooving  in  the  incisors. 
Since  this  condition  is  so  wide-spread  among  rodents,  the  possibilities 
for  its  development  must  likewise  be  wide-spread,  so  that  the  proba- 
bilities are  that  the  mutation  of  a single  gene  is  involved.  Simple 
grooving  certainly  occurs  too  often  to  be  a multiple-factor  character, 
controlled  by  many  genes.  Complicated  grooving,  such  as  is  found  in 
Castoroides , might  be  the  result  of  more  complicated  genetic  modifi- 
cations. The  presence  of  grooves  in  the  lower  incisors  of  Dipodomys 
spectabilis  and  of  supernumerary  grooves  in  geomyids  (Merriam, 
1895,  PP-  7 *-72)  suggests  the  possibility  that  variations  in  depth  and 
number  of  grooves  might  be  due  either  to  modifying  genes  or  to  a 
series  of  multiple  allelomorphs. 

In  the  Heteromyidae,  we  have  a stock  of  nearly  related  rodents  in 
which  there  have  been  several  closely  parallel  evolutionary  lines,  as 
indicated  by  the  structure  of  the  cheek  teeth  and  limbs.  Within  each 
of  these  lines,  however,  the  incisors  have  been  free  to  follow  their 
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own  inclinations,  and  hence  the  two  common  types  of  incisors,  grooved 
and  smooth,  have  been  developed,  the  former  occurring  independently 
at  least  three  times,  and  the  latter  also  at  least  three  times,  unless 
all  of  the  smooth  incisored  forms  are  primitive  survivals,  as  may  or  may 
not  be  the  case. 

If,  as  has  been  suggested,  the  incisor  modification  is  the  result  of  a 
single  gene  mutation,  that  is  still  no  reason  why  the  presence  or  ab- 
sence of  the  groove  should  not  be  used  as  a diagnostic  character  of 
generic  rank.  If  a complete  evolutionary  series  were  present  in  any 
group  of  organisms,  the  taxonomic  separations  would  be  entirely  arbi- 
trary, and  the  more  nearly  complete  such  a series  becomes,  the  more 
arbitrary  the  splitting,  from  the  point  of  view  of  “real”  relationships. 
Any  character  is  a “good”  character  if  it  can  be  used.  Furthermore, 
if  the  grooves  are  caused  by  a single  point-mutation,  there  is  no  con- 
ceivable reason  (other  than  a teleological  one)  why  the  mutation,  and 
hence  the  evolutionary  modification,  should  not  reverse  its  direc- 
tion, so  that  we  could  have  a smooth  incisored  form  giving  rise  to  one 
with  grooved  incisors,  which  might  in  turn  give  rise  to  one  with 
smooth  incisors.  In  this  case,  if  the  type  of  incisor  were  the  only 
constant  character  separating  two  genera,  Genus  B might  be  descended 
from  Genus  A,  and,  a little  later,  Genus  A might  in  turn  be  descended 
from  Genus  B.  Fortunately,  all  of  the  genera  discussed  in  this  paper 
are  based  upon  more  than  this  one  differentiating  character.  The 
presence  of  different  types  of  incisors  has  not  been  considered,  in  this 
paper,  as  necessitating  generic  separation  of  two  forms,  if  no  other 
distinctions  could  be  found  in  the  available  material. 

Very  little  work  has  been  done  in  the  past  on  the  teeth  of  hete- 
romyids.  The  generic  separations  of  the  modern  forms  have  been  based 
largely  on  other  characters.  Coues,  it  is  true,  in  establishing  his  sub- 
family Dipodomyinae,  emphasized  the  rootless  character  of  the  cheek 
teeth  as  a distinction  from  the  other  groups.  Goldman  (1911)  entered 
into  the  dental  anatomy  of  Heteromys  and  Liomys  in  some  detail. 
It  is  worth  note  that  all  the  modern  genera  have  dental  distinctions  of 
sufficient  importance  to  warrant  their  retention  as  distinct  genera  even 
if  they  were  known  from  nothing  more  than  a single  mandible.  Further- 
more, the  relationships  of  the  species  as  determined  from  cranial, 
skeletal  and  external  characters  are  generally  the  same  as  those  based 
on  dental  characters.  The  manner  in  which  all  of  these  different  lines 
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of  evidence  check  considerably  strengthens  the  case  for  the  correctness 
of  the  results. 

The  primary  skeletal  modification  occurring  within  this  family 
is  the  development  of  the  ricochetal  type  of  locomotion.  This  has  been 
acquired  fully  in  three  forms,  Microdipodops,  Dipodomys  and  Dipri- 
onomys.  Perognathus  and  Cupidinimus  represent  initial  stages  in  the 
same  direction.  No  known  Heteromyine  other  than  Diprionomys  has 
ever  progressed  beyond  the  scampering  stage.  The  sub-ricochetal  de- 
velopments involve  a proportionate  increase  in  the  length  of  the 
hind  legs,  until  their  functional  length  becomes  about  twice  that  of  the 
fore  legs,  and,  at  the  same  time,  an  inflation  of  the  auditory  part  of 
the  skull,  crowding  upon  the  interparietal,  parietals  and  occipital.  The 
richochetal  forms  have  increased  the  limb  ratios  until  the  hind  leg  is 
three  times  the  length  of  the  fore,  and  the  auditory  regions  swell 
beyond  all  rime  or  reason.  Correlated  with  the  increase  in  ricochetal 
ability  is  a progressive  fusion  of  the  cervical  vertebrae,  increasing  the 
stability  of  the  head  in  the  ricochet.  As  has  been  pointed  out  above 
(p.  143),  it  seems  reasonable  to  believe  that  the  limb  modifications 
necessarily  preceded  the  ricochetal  development,  whereas  the  fusion 
of  vertebrae  was  a later  modification  making  the  animal  better  fitted 
for  that  type  of  locomotion. 

The  carpus  shows  distinct  variations  in  pattern  (fig.  152),  which 
do  not,  however,  seem  to  be  sufficiently  constant  among  the  different 
groups  of  genera  to  be  of  value  in  supergeneric  grouping.  There 
appears  to  have  been  a progressive  reduction  of  the  centrale  in  the 
ricochetal  forms,  however.  In  Microdipodops , the  trapezoid  is  the 
principal  benefitor  by  this,  reaching  the  scapholunar,  as  in  Heteromys. 
In  Dipodomys , on  the  other  hand,  it  is  the  trapezium  which  enlarges, 
retaining  its  primitive  contact  with  the  centrale.  In  Perognathus 
and  Heteromys , in  which  the  centrale  is  not  reduced,  the  pattern  is 
much  closer  to  that  of  Paramys,  from  which  it  differs,  however,  in  the 
fusion  of  the  scaphoid  and  lunar. 

In  the  tarsus,  there  appears  to  be  a much  more  important  variation 
(fig.  153).  In  Dipodomys  and  Cupidinimus , the  calcaneum  has  elon- 
gated until  it  makes  a contact  with  the  navicular,  or  even  with  the 
ectocuneiform.  In  all  the  other  genera,  the  astragalus  and  calcaneum 
are  of  essentially  the  same  length,  but  a process  of  the  cuboid  extends 
between  the  calcaneum  and  navicular,  making  a strong  contact  with 
the  astragalus.  Comparison  with  Paramys  indicates  that  this  is 


Fig.  153.  Right  tarsi  of  heteromyids.  Not  to  scale. 
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perhaps  a more  primitive  tarsus  than  that  of  Dipodomys  and  Cupi- 
dinimus , though  it  has  been  specialized  in  a different  direction. 

In  studying  the  evolution  of  any  group  of  animals,  it  is  very  im- 
portant to  know  which  is  the  most  primitive,  so  that  the  direction  in 
which  the  evolution  is  proceeding  and  the  manner  in  which  it  does 
so  may  be  determined.  If  a mistake  is  made  at  the  beginning  in 
selecting  the  wrong  type  as  the  primitive  one,  the  results  will  be  fan- 
tastic. It  appears  to  have  been  an  erroneous  initial  assumption  of  this 
sort  which  has  led  to  the  remarkable  conclusions  reached  by  Friant 
(1932 b)  and  Schreuder  (1933),  who  consider  the  “Hystricomorphs”  the 
most  primitive  rodents,  intermediate  between  the  Multituberculates 
and  the  other  rodents,  and  all  rodent  evolution  to  have  been  pro- 
gressive simplification  and  degeneration.  As  Simpson  (1933a)  has 
shown  and  as  Frechkop  (1933)  has  indicated,  all  the  paleontological 
and  other  evidence  points  to  the  Multituberculates  being  an  entirely 
independent  group  from  the  placental  mammals.  One  unfortunate 
feature  for  the  Multituberculate  hypothesis  is  that  the  rodents  which 
show  the  supposed  relationship  most  clearly  are  the  later  members  of 
the  order,  the  Eocene  forms  all  having  quite  simple,  primitive  teeth, 
and  the  teeth  of  the  earliest  known  rodents  are  more  dissimilar  to 
those  of  Multituberculates  than  are  the  teeth  of  most  living  rodents. 
As  Simpson  (1933a)  has  discussed  Friant’s  hypothesis  at  considerable 
length,  it  does  not  seem  necessary  to  repeat  his  arguments,  with  which 
I am  in  full  agreement.  It  may  be  worth  while  remarking,  however, 
that,  although  Friant  has  shown  (1932a)  that  jaw  movements  do  occur 
in  embryo  rodents,  resulting  in  the  destruction  of  the  enamel  caps  of 
the  cusps  of  caviids  before  birth,  it  does  not  seem  entirely  clear  how 
such  jaw  movements  could  affect  the  germs  of  teeth  before  the  teeth 
were  erupted,  nor  how  they  could  bring  about  changes  in  the  tooth 
pattern  after  eruption. 

In  an  effort  to  avoid  such  errors  in  initial  assumptions  as  much  as 
possible,  no  member  of  the  family  has  been  selected  as  having  the 
most  primitive  skeleton,  with  which  to  compare  the  others.  When  a 
primitive  form  was  desired,  the  skeleton  of  Paramys  was  used.  If 
Paramys  should  prove  not  to  be  a primitive  rodent,  but  one  of  the 
most  specialized,  as  would  be  a necessary  conclusion  from  Friant  and 
Schreuder’s  points  of  view,  there  would  then  be  no  possible  method  of 
distinguishing  a primitive  from  a specialized  form,  except  in  accordance 
with  some  preconceived  opinion.  The  skeleton  of  Heliscomys  would 
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undoubtedly  be  more  primitive  than  that  of  any  other  member  of  the 
Heteromyidae,  but  unfortunately  it  is  yet  to  be  collected.  Most 
mammalogists  would  agree  that  the  skeletons  of  Liomys  and  Ileteromys 
are  more  primitive  than  those  of  Perognathus,  Microdipodops  and 
Dipodomys.  This  is  without  doubt  the  case  in  respect  to  those  char- 
acters which  are  the  most  noticeable  in  the  latter  group — i.e.,  those 
points  in  which  they  are  specialized.  With  respect  to  the  structure 
of  the  metatarsals,  it  appears  extremely  probable  that  the  elongation 
of  metatarsal  four  is  a specialization  in  Liomys  and  Heteromys  carrying 
them  beyond  Perognathus  and  Dipodomys.  If  Paramys  be  the  primi- 
tive type,  does  the  distal  migration  of  the  third  trochanter  in  Heteromys 
remove  that  form  further  from  Paramys  than  the  equal  proximal 
migration  of  the  third  trochanter  in  Dipodomys?  As  far  as  the  sum 
total  of  known  skeletal  characters  goes,  Liomys  is  probably  the  most 
primitive  member  of  the  family,  with  Heteromys  second,  although 
there  are  many  features  in  the  manus  and  pes  of  Cupidinimus  which 
make  it  more  closely  united  to  Paramys  than  is  any  other  heteromyid. 
But  in  cheek  tooth  characters,  both  Heteromys  and  Liomys  are  much 
more  specialized  than  is  Perognathus. 

Fossil  heteromyids  are  still  sufficiently  rare  so  as  to  make  correla- 
tion by  means  of  them  alone  uncertain,  but  definite  advances  have 
been  made  in  this  direction,  as  is  shown  in  the  chart  (fig.  i).  Heliscomys 
is  known  only  from  the  Middle  Oligocene;  Proheteromys  only  from  the 
Middle  Miocene;  Diprionomys  only  from  the  lower  part  of  the  Pliocene; 
Liomys  and  Heteromys  are  unknown  in  the  Tertiary;  Mookomys  and 
Peridiomys  are  Miocene;  Perognathoides  is  Upper  Miocene  and  Lower 
Pliocene;  Cupidinimus  is  Pliocene;  Dipodomys  ranges  from  the  upper- 
most Pliocene  to  recent;  Microdipodops  is  unknown  as  a fossil;  and 
Perognathus  has  the  longest  range  of  all,  extending  from  the  Upper 
Miocene  to  the  present.  While  this  is  not  sufficient  to  allow  exact  and 
detailed  correlations,  it  is  at  least  a start  in  the  right  direction,  and 
gives  a foundation  upon  which  additions  can  readily  be  built. 

It  is  generally  considered  that  the  Miocene  represents  the  initiation 
of  the  high  plains  character  of  the  western  part  of  the  United  States, 
with  the  development  of  the  grasses  as  the  dominant  plains  flora. 
This  was  the  time  when  the  Equidae  and  various  Artiodactyls  de- 
veloped a grazing  type  of  dentition.  The  development  of  the  plains 
facies  was  correlated  with  increasing  aridity,  due  to  the  elevation  of 
the  mountains  to  the  west,  cutting  off  the  moisture  which  had  supplied 
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the  forests  of  the  Eocene  and  the  well  watered  plains  of  the  Oligocene. 
As  Hatt  (1932,  p.  626)  points  out,  ricochetors  today  are  found,  almost 
without  exception,  in  arid  regions,  and  it  is  in  such  regions  that  they 
have  developed  their  highest  degree  of  specialization.  It  seems  likely 
that  such  a form  as  the  modern  Zapus , living  in  forested  regions,  but 
yet  a ricochetor,  has  moved  into  its  present  environment  after  de- 
veloping the  ricochetal  ability  elsewhere.  Moreover,  Hatt  (1932,  p. 
626)  says  that  the  jumping  mice  do  not  ricochet  as  much  as  do  the 
Jerboas  and  Kangaroo  Rats. 

The  Great  Plains  of  the  late  Miocene  to  early  Pliocene  were  not  a 
desert,  but  they  were  undoubtedly  becoming  progressively  more  arid. 
It  is  thus  interesting  to  note  the  beginnings  of  the  development  of 
ricochetal  forms  at  such  an  early  stage,  and  as  soon  as  the  country 
became  fitted  for  the  development  of  such  a type.  It  is  likely  that  the 
acquisition  of  ricochetal  ability,  once  it  was  sufficiently  pronounced  to 
be  of  definite  use,  would  proceed  with  considerable  rapidity,  as  open- 
ing up  an  entirely  new  field  of  possible  evolution,  and  a new  facies  into 
which  to  move.  It  seems  clear  that  evolution  is  likely  to  proceed  with 
an  extreme  of  rapidity  under  such  conditions.  The  Valentine  and 
Devils  Gulch  facies  in  which  Cupidinimus  nebraskensis  and  Dip- 
rionomys  agrarius  were  found  are  very  sandy,  and  bear  much  more 
resemblance  to  the  sandy  soil  so  much  favored  by  Dipodomys  and 
Microdipodops  than  to  the  clay  facies  of  the  earlier  Tertiary  of  the 
Great  Plains.  Of  course,  sandy  deposits  were  formed  earlier  in  the 
Tertiary,  but  they  were  much  less  widespread,  and  the  conditions  of 
aridity  necessary  for  the  attainment  of  ricochetting  had  not  been 
established.  It  is  remarkable  how  short  a time  intervenes  between 
the  appearance  of  climatic  and  environmental  conditions  suitable  for 
the  development  of  ricochetors,  and  their  actual  appearance  as  fossils. 
This  is  another  addition  to  the  large  number  of  known  instances  where 
the  rate  of  evolution  in  a given  phylum  varies  markedly  from  one 
period  to  another.  For  this  reason,  dating  of  past  events  in  years  on 
the  basis  of  the  amount  of  evolution  in  a given  group  of  animals, 
assuming  a uniform  rate  for  that  evolution,  must  necessarily  be  an 
entirely  inaccurate  method  of  procedure,  giving  a fallacious  appear- 
ance of  scientific  accuracy  to  results  based  on  questionable  initial 
assumptions. 

All  members  of  the  Dipodomyinae  and  Perognathinae  are,  and  were, 
so  far  as  known,  inhabitants  of  arid  to  desert  regions.  The  Hetero- 
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myinae  are  more  fond  of  moist,  warm  climates,  although  one  species  of 
Proheteromys,  two  of  Peridiomys,  and  two  of  Diprionomys  are  known 
from  the  Miocene  and  Pliocene  of  western  United  States,  which  was 
relatively  arid.  Whether  the  species  of  Proheteromys  and  Peridiomys 
were  better  adapted  to  subarid  conditions  than  were  their  brethren, 
or  whether  they  occupied  moister  niches  surrounded  by  more  arid 
regions,  we  do  not  know.  The  fact  that  they  left  no  known  descend- 
ants suggests  the  latter  explanation,  whereas  the  richochetal  character 
of  the  closely  related  Diprionomys  indicates  an  attempt  to  become 
adapted  to  the  new  environment. 

The  distribution  of  the  Heteromyidae  (Maps,  figs.  154-157)  sug- 
gests certain  comments  on  Matthew’s  views  on  distribution  (Matthew, 
1915).  The  forms  occupying  the  southern  sections  of  the  present  range 
of  the  family,  and  those  which  invaded  Florida  in  the  Miocene,  all 
belong  to  the  subfamily  with  the  most  primitive  skeletons,  the  sub- 
family which  became  least  adapted  to  the  arid  climate  of  western 
North  America,  but,  on  the  other  hand,  to  the  subfamily  with  the  most 
complicated  tooth  pattern.  Furthermore,  it  may  be  pointed  out  that 
Heteromys,  which  is  definitely  less  primitive  than  Liomys,  occurs  further 
to  the  south  and  further  from  the  center  of  distribution  of  the  family. 
Perognathus,  which  is  more  primitive  than  either  Dipodomys  or  Micro- 
dipodops , extends  further  north  than  either.  It  is  true  that,  on  the 
whole,  the  more  advanced  members  of  the  family  have  the  more  north- 
ern habitat.  The  Geomyidae,  which,  as  a family,  are  more  specialized 
than  the  Heteromyidae,  have  a lesser  southern  extent  than  do  the 
latter,  though  most  of  the  ranges  of  the  two  families  overlap.  Matthew 
(op.  cit,  p.  229)  considers  the  fact  that  the  Geomyidae  do  not  reach 
South  America  an  instance  in  support  of  his  theory  of  northern  centers 
of  distribution  for  mammals,  with  crowding  of  the  more  primitive 
forms  to  the  south.  There  is  no  doubt  that,  in  a large  number  of  cases, 
such  does  occur,  and  that,  on  the  whole,  the  more  northern  groups  are 
the  more  advanced,  but  it  is  by  no  means  an  invariable  rule;  it  is 
merely  a useful  description  of  the  observed  results  in  those  cases 
where  these  results  are  observed.  The  distribution  of  the  genera  of 
geomyids  (Merriam,  1895)  seems  an  exception  to  Matthew’s  rules,  the 
Central  American  genera  being  the  most  specialized,  while  those 
found  in  the  United  States  are  more  primitive,  and  the  only  genus  to 
reach  Canada  is  the  most  primitive  living  member  of  the  family.  The 
results  seem  to  indicate  that  animals  occupy  the  ecologic  niche  for 
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which  they  are  best  fitted,  regardless  of  whether  they  must  migrate  to 
the  north  or  to  the  south  to  reach  it,  and  regardless  of  whether  they 
are  more  or  less  specialized  than  the  related  (or  unrelated)  types  living 
immediately  to  the  north  or  south. 

It  is  also  noteworthy  that,  during  the  Miocene,  the  Heteromyinae 
had  the  widest  distribution  of  any  of  the  subfamilies.  Whether  some 


Fig.  154.  Distribution  of  Geomyoidea.  (Geomyidae  after  Merriam,  1895). 
\\\\Geomyidae. 

/ / / , //Heteromyidae. 

X Fossil  occurrences  of  Heteromyids. 


Fig.  155.  Map  showing  distribution  of  Perognathinae. 

/ / / / = Perognathus.  = Microdipodops. 

1 = fossil  Perognathus.  2 = Perognathoides.  4 = Mookomys. 


Fig.  156.  Map  showing  distribution  of  Dipodomyinae. 
/'/'/'/  = Dipodomys. 

1 = fossil  Dipodomys.  2 = Cupidinimus.  3 = Heliscomys. 
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Fig.  157.  Map  showing  distribution  of  Heteromyinae. 

////  = Liomys. 

= Heteromys. 

1.  Proheteromys  floridanus.  5.  Peridiomys  oregonensis. 

2.  Proheteromys  magnus.  6.  Diprionomys  agrarius. 

3.  Proheteromys  parvus.  7.  Diprionomys  parvus. 

4.  Peridiomys  rusticus. 

members  of  this  group  were  forced  into  Florida,  and  related  forms  were 
forced  into  Mexico  and  Central  America  by  more  severe  competition 
with  better  adapted  forms  in  the  northern  regions,  or  by  incipient 
refrigeration,  or  whether  the  Heteromyines  were  the  best  fitted  for  the 
struggle  for  existence  in  the  Miocene,  and  so  spread  over  the  whole 
range  of  the  family  and  invaded  Outlying  districts,  can  only  be  deter- 
mined at  present  by  an  appeal  to  the  individual’s  philosophy  of  migra- 
tion and  evolution.  But,  as  pointed  out  by  Wood  (1932,  p.  49),  it  is 
certainly  suggestive  that  the  fossils  found  in  the  most  nearly  tropical 
region,  and  in  the  most  forested  and  moistest  environment,  are  more 
nearly  related  to  Heteromys  and  Liomys  than  to  any  other  living 
genera. 

The  near  coincidence  of  the  geographic  distribution  of  the  Hete- 


236 


Annals  of  the  Carnegie  Museum 


vol.  XXIV 


romyidae  with  that  of  the  Geomyidae  was  first,  I believe,  pointed  out 
by  Murray  (1866),  who  considered  this  an  important  reason  for 
believing  the  two  families  to  be  closely  related. 

When  they  were  first  discovered,  the  different  heteromyids  were 
distributed  among  the  groups  of  “Myomorphs”  to  which  they  showed 
the  greatest  superficial  resemblances.  Heteromys  was  first  described 
as  an  aberrant  species  of  Mus,  serving  to  unite  that  genus  with  Echimys 
(Thompson,  1815).  Perognathus  was  considered  also  to  be  related  to 
Mus.  Dipodomys , Gray  (1841)  described  as  the  American  repre- 
sentative of  the  Jerboas.  Similar  relationships  were  postulated  for  its 
synonym,  Macrocolus  (Schreber,  1846;  Wagner,  1846  and  1848). 
The  Geomyidae  were,  at  the  same  time,  considered  related  to  Arvicola 
(Waterhouse,  1839),  to  Bathyergus  and  Spalax  (Waterhouse,  1841),  to 
the  Spalacidae  (Gray,  1843),  a doubtful  group  of  uncertain  position 
(Waterhouse,  1848),  highly  specialized  squirrels  (Gervais,  1849),  or 
a group  between  the  Sciurini  and  Murini  (Brandt,  1855).  The  first 
person  to  link  Geomys  and  its  relatives  with  the  heteromyids  was 
Waterhouse  (1848),  whose  group  Saccomyina  was  essentially  equiva- 
lent to  the  modern  term  Geomyoidea.  This  grouping  was  not  fol- 
lowed by  most  other  authors  for  twenty  years,  although  Baird  (1857), 
Lilljeborg  (1866)  and  Carus  (1868)  use  essentially  the  same  system. 
LeConte  (1853)  considered  the  heteromyids  close  to  Myoxus , and 
pointed  out  that  Dipodomys  was  no  relation  to  the  Jerboas,  although 
Waterhouse,  by  implication,  had  anticipated  him  in  the  latter  idea. 
The  first  use  of  a family  term  for  the  heteromyids  and  geomyids  was 
by  Baird  (1857),  who  coined  the  term  Saccomyidae.  Carus  (1868) 
subdivided  this  family  into  Saccomyina  and  Geomyina,  synonymous 
with  the  modern  families.  Gray  (1868)  used  the  term  Heteromyina, 
pointing  out  that  Saccomys  Fr.  Cuvier  1823  is  a synonym  of  Heteromys 
Desmarest  1817. 

Gill  (1872)  was  the  first  to  recognize  two  distinct  though  closely  re- 
lated families,  the  Saccomyidae  and  Geomyidae,  included  under  his 
superfamily  Saccomyoidea,  between  Sciuroidea  and  Myoidea.  Fol- 
lowing Gray,  Alston  (1876)  changed  the  family  name  from  Sac- 
comyidae to  Geomyidae,  with  two  subfamilies,  Geomyinae  and 
Heteromyinae.  Coues  (1875a;  18755 ; 1877,  pp.  488-489)  disagreed 
as  to  the  necessity  of  changing  the  name  Saccomyidae,  although 
admitting  Saccomys  to  be  a synonym,  and  used  Baird’s  terminology, 
but  following  Gill  in  raising  the  subfamilies  to  families.  Winge  (1887 
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and  1924)  apparently  agreed  with  Cones,  still  using  the  term  Sac- 
comyidae,  in  which  the  Geomyini  are  a subfamily.  A more  complete 
discussion  of  the  history  of  classification  of  the  Heteromyidae  is  given 
by  Coues  (1877,  pp.  487-491).  He  considers  these  rodents  to  be 
Myomorphs.  Allen  and  Chapman,  the  first  to  use  the  term  Hetero- 
myidae (1899,  p.  233),  placed  these  rodents,  in  their  list  of  the  fauna  of 
Trinidad,  between  the  Muridae  and  the  Octodontidae.  During  the 
present  century,  the  general  tendency  has  been  to  include  the  Geo- 
myoidea  among  the  Sciuromorpha.  Even  Miller  and  Gidley  (1918), 
who  disagree  with  other  classifications  in  so  many  respects,  include  the 
Geomyidae  and  Heteromyidae  in  their  superfamily  Sciuroidae.  Pre- 
sent conservative  opinion  as  to  the  systematic  position  of  these 
families  is  represented  by  Simpson  (1931).  Frechkop  (1933,  p.  12) 
states  that  the  tooth  pattern  of  the  Heteromyidae  is  a closer  approach 
to  that  of  Myomorphs  than  to  that  of  the  Sciuromorphs.  The  evolu- 
tionary development  of  heteromyid  cheek  teeth  seems  to  me,  however, 
to  be  rather  distinct  from  that  of  any  other  rodents  except  the  Geo- 
myidae. The  type  of  zygomas'seteric  region  is  definitely  Sciuromor- 
phine.  The  presence  of  a premolar  is  also  a Sciuromorph  character, 
practically  all  Myomorphs  having  lost  this  tooth.  Hence,  for  the 
present,  the  Sciuromorpha  may  be  retained  as  a group  containing  the 
Sciuroidea,  Geomyoidea,  and  possibly  the  Castoroidea.  The  relation- 
ships of  the  various  extinct  families  sometimes  referred  to  this  sub- 
order, and  of  the  Aplodontiidae,  are  still  uncertain. 

The  most  striking  feature  of  agreement  between  the  Heteromyidae 
and  the  Geomyidae  is  the  presence  in  each  of  cheek  pouches,  external 
to  the  mouth  and  lined  with  fur,  which  run  back  to  the  shoulder 
region.  These  are  formed  by  an  invagination  of  the  skin  of  the  cheeks, 
and  are  supplied  with  muscles  derived  from  the  platysma  and  other 
facial  muscles.  Murray  (1866,  p.  271)  believed  the  pouches  to  be 
homologous  to  the  internal  pouches  of  cricetines,  differing  in  that 
the  hair  of  the  face  had  moved  into  the  mouth,  and  now  lined  the 
pouches.  There  is,  of  course,  no  evidence  to  support  this  idea.  These 
pouches  are  capable  of  great  distension,  sometimes  being  swollen 
until  they  are  larger  than  the  rest  of  the  head.  The  emptying  of  the 
pouches  requires  the  use  of  the  hands,  according  to  most  authorities, 
although  Webster  (1897)  states  the  contrary.  The  earliest  authors 
thought  that  the  cheek  pouches  were  capable  of  being  turned  entirely 
inside  out,  thus  emptying  their  contents,  and  that  the  animal  could 
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walk  along  with  these  hanging  down  beside  his  head  in  a ludicrous 
manner  (see  Lucas,  1928,  for  a reproduction  of  an  early  figure).  The 
cheek  pouches  can  only  be  everted  in  this  manner  after  the  animal 
has  been  skinned  and  the  pouch  muscles  cut. 

In  both  families,  the  infraorbital  foramen  has  migrated  forward, 
impelled  by  the  growth  of  the  masseter,  but  it  is  not  separated  from 
the  muscle  by  any  crest  or  ridge.  In  both  groups  it  now  lies  on  the 
rostrum,  about  half  way  between  the  zygoma  and  the  incisor.  In 
both,  the  mastoid  is  inflated.  The  dental  formula,  IT,  C§,  Pi,  Ml,  is 
the  same  in  both  families.  In  both,  the  teeth  were  originally  bilophed, 
usually  with  a series  of  three  cusps  in  each  loph.  The  more  specialized 
members  of  each  family  tended  toward  hypsodonty  and  the  decrease 
of  the  proportionate  importance  of  the  cusps  and  increase  in  the 
importance  of  the  lophs.  In  both  groups,  the  median  valley  then 
disappears,  leaving  a tooth  composed  only  of  an  enamel  oval,  after 
but  little  wear.  There  is  a tendency  for  antero-posterior  compression 
of  the  teeth,  resulting  in  the  anterior  and  posterior  enamel  faces  be- 
coming sub-parallel,  which  is  followed  *by  the  reduction  and  loss  of  the 
enamel  at  the  two  ends  of  the  tooth,  leaving  two  separate  enamel 
plates.  In  both,  P4  tends  in  more  specialized  types  to  develop  a multi- 
plicity of  lophs.  Grooved  incisors  have  been  independently  derived 
several  times  in  each  family.  Numerous  other  resemblances  are  listed 
by  Coues  (1875a;  18756;  1877,  p.  493). 

There  seems  to  be  little  doubt  as  to  the  fundamental  relationships 
of  the  two  families.  All  modern  authorities  agree  in  uniting  them. 
Their  common  ancestor  has  not,  however,  as  yet  been  identified,  unless 
further  study  should  prove  Heliscomys  to  be  ancestral  to  the  geomyids 
as  well  as  to  the  heteromyids,  which  seems  improbable  in  view  of  the 
great  morphological  gap  between  the  Middle  Oligocene  Heliscomys 
and  the  John  Day  geomyids.  Several  authors,  including  the  present 
writer,  have  suggested  relationships  between  various  fossils  and  the 
Geomyoidea,  which  it  would  be  well  to  look  into,  briefly. 

Wood  (1933)  tentatively  suggested  that  the  origin  of  the  hetero- 
myids might  be  sought  in  a form  such  as  Sciuravus  nitidus  of  the 
Middle  Eocene.  Further  study  has  shown  that  there  is  very  little 
likelihood  that  this  form  could  be  the  ancestor  of  Heliscomys , as  the 
cusps  are  tending  toward  a pattern  of  the  Ischyromys  type,  with 
crests  running  toward  the  center  of  the  tooth,  instead  of  developing 
conical  cusps  as  must  have  been  the  case  in  the  ancestors  of  Heliscomys. 
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Moreover,  although  the  upper  molars  are  becoming  bilophodont,  the 
lophs  consist  of  the  primary  cusps  and  the  conules,  instead  of  the 
primary  cusps  and  styles,  as  in  Heliscomys.  There  is  no  trace  whatever 
of  a cingulum  in  the  upper  teeth  of  61.  nitidus.  Nor  is  there  any  trace 
of  the  conules  in  Heliscomys.  The  crests  running  from  the  cusps  of 
the  lower  teeth  to  the  center  of  the  basin  tend  to  unite  to  form  a central 
cusp,  as  in  Adjidaumo  and  Cricetids,  which  is  entirely  absent  in 
Heliscomys.  Nor  is  any  trace  of  a cingulum  present  on  the  lower 
teeth  of  any  Sciuravus  that  I have  seen. 

When  Sciuravus  nitidus  is  thus  eliminated  as  a possible  Eocene 
ancestor  of  the  heteromyids,  there  remains  no  possibility  of  drawing 
the  phylogenetic  line  into  the  Eocene  with  any  certainty  whatever. 
It  is  extremely  probable  that  some  form  of  “ Paramys"  or  a closely  re- 
lated genus  would  be  the  Lower  Eocene  ancestor  of  the  heteromyids 
as  well  as  of  all  other  rodents,  but  the  connecting  links  between  this 
and  the  Middle  Oligocene  stages  remain  to  be  discovered. 

Protoptyckus,  from  the  Uinta  Eocene,  has  sometimes  been  con- 
sidered a heteromyid,  although  Scott  (1895)  showed  its  distinctness 
from  both  heteromyids  and  geomyids.  The  tooth  pattern  is,  indeed, 
suggestive  in  its  general  outline  of  that  of  the  later  Geomyoidea,  but 
the  details  do  not  seem  to  bear  out  this  general  suggestion.  The 
teeth  of  Protoptyckus  are  more  hypsodont  than  are  those  of  any  known 
heteromyid  until  the  Upper  Pliocene  forms  of  Dipodomys  are  attained, 
and  so  are  much  more  advanced  than  are  those  of  Heliscomys.  The 
accessory  enamel  lakes  on  the  crown  as  shown  in  Scott’s  figure  (1895, 
fig.  3)  strongly  suggest  a four-lophed  tooth,  the  anterior  and  posterior 
lophs  being  derived  from  cingula.  This  suggests  something  on  the 
order  of  Isckyromys  or  Adjidaumo , or  several  other  Eocene  and 
Oligocene  forms.  This  pattern  is  slightly  more  suggestive  of  “Sciuro- 
morph”  than  of  “Myomorph”  affinities,  but  occurs  in  all  suborders. 
As  Eocene  “Myomorphs”  and  “Sciuromorphs”  are  difficult  to  sepa- 
rate, this  pattern  would  not  disbar  Protoptyckus  from  .ancestry  to  the 
Dipodidae  on  these  grounds,  although,  without  having  particularly 
studied  this  aspect  of  the  problem,  it  seems  entirely  possible,  to  me, 
that  Protoptyckus  may  represent  an  aberrant  and  sterile  offshoot  of  the 
Ischyromyidae .6b  The  same  dental  divergences  which  prevent  Prot- 

6bSince  writing  the  above,  I have  seen  Schaub’s  fine  monograph  on  the 
Dipodids  (1934)  which  establishes  a phylogeny  for  that  family  which  rules  it  out 
from  relationship  with  Protoptyckus.  Schaub’s  work  on  the  Jumping  Mice  (1930) 
has  likewise  eliminated  them  from  affinities  with  Protoptyckus. 
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optychus  from  being  ancestral  to  the  Heteromyidae  also  separate  it 
from  the  Geomyidae.  The  details  of  the  skull  are  quite  different  from 
those  of  these  last  two  families. 

Numerous  authors  have  considered  Adjidaumo  ( = Gymnoptychus) 
to  be  related  to  the  heteromyids,  though  on  what  grounds  I am  not 
certain.  Winge  (1887  and  1924)  made  it  a member  of  a separate  sub- 
family, Gymnoptychini,  together  with  the  Saccomyini  and  Dipodo- 
myini  forming  the  Saccomyidae.  Scott  (1895,  p.  286)  included  the 
genus  among  the  heteromyids,  though  without  stating  his  reasons. 
Matthew  (1903,  p.  215),  describing  new  material  from  Pipestone 
Springs,  Montana,  stated  that  Gymnoptychus  and  Heliscomys  are  much 
alike  and  “combine  characters  of  Sciuridae,  Geomyidae,  and  Hete- 
romyidae with  others  peculiar  to  themselves  or  shared  by  the  Ischy- 
romyidae.  The  dental  pattern  strongly  suggests  that  of  Ischyromys, 
but  the  resemblance  may  be  superficial;  by  simplification  and  hypso- 
donty  it  might  be  converted  into  a Heteromyid  pattern.  I place  the 
genus  in  this  family  [Heteromyidae]  on  Scott’s  authority.”  The 
figure  of  “ Gymnoptychus ” minimus  which  Matthew  gives  (1903,  fig.  11) 
shows  considerable  resemblance  to  Heliscomys,  and  would  warrant  the 
belief  that  this  species,  at  least,  is  a close  relative  of  the  heteromyids, 
were  it  not  for  the  fact  that  the  figure  is  inaccurate,  the  actual  pattern 
of  the  teeth  of  the  specimen  being  much  more  like  that  of  Adjidaumo 
minor  (Matthew,  1903,  fig.  10).  Unfortunately,  it  is  this  incorrect 
figure  which  has  been  reproduced  by  Osborn  (1907,  fig.  106).  Matthew 
(1910)  considers  Gymnoptychus  to  have  been  the  common  ancestor  of 
both  Heteromyidae  and  Geomyidae.  Miller  and  Gidley  (1918)  make 
it  the  type  and  only  genus  of  a new  family,  the  Adjidaumidae.  Wood 
(1931,  phylogenetic  chart),  following  Matthew,  considered  Gymnopty- 
chus as  the  stem  form  of  the  Geomyidae,  definitely  ruling  it  out  of  the 
Heteromyidae.  It  is  now  apparent,  however,  that  there  is  no  available 
evidence  justifying  the  assumption  of  any  relationship  between 
Adjidaumo  and  the  Geomyoidea.  As  Matthew  said  (1903,  p.  215), 
“The  dental  pattern  strongly  suggests  that  of  Ischyromys,  but  the 
resemblance  may  be  superficial.”  Further  than  that,  I am  not  pre- 
pared to  go  at  the  present  time.  For  accurate  figures  of  the  teeth  of 
Adjidaumidae,  see  Burke,  1934. 

Paleontologists  in  general  have  long  assumed  that  Paramys  repre- 
sents essentially  the  stem  form  of  the  rodents  (see  especially  Matthew 
1910).  Miller  and  Gidley,  in  their  classification  of  the  order,  based 
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on  the  characters  of  the  infraorbital  foramen,  masseter  muscle,  and 
associated  bones,  believed  that  they  discovered  five  types  of  zygomas- 
seteric  structure,  none  of  which  ever  lead  to  any  other  (1918). 7 On 
the  basis  of  this  lack  of  intermediate  stages  between  the  groups,  they 
separated  forms  that  had  long  been  considered  to  be  in  the  relation  of 
ancestor  and  descendant,  placing  them  in  different  superfamilies. 
Matthew  (see  particularly  Matthew  and  Granger,  1923,  p.  4 and 
Matthew,  1924,  footnote,  p.  81)  disagreed  with  their  conclusions,  and 
continued  to  follow  the  previously  existing  school  of  classification,  but 
did  not  attempt  a detailed  discussion  of  the  ideas  advanced  by  Miller 
and  Gidley.  Matthew  and  Granger  (1923)  figure  a skull  of  Cricetops 
whose  dentition  apparently  indicates  relationship  to  the  Cricetidae, 
but  whose  infraorbital  foramen  would  necessitate  its  inclusion  among 
the  Dipodoidae,  so  that  they  erect  the  family  Cricetopidae  for  it. 
Schaub  (1925)  also  noted  the  difficulty  in  finding  a satisfactory  niche 
for  Cricetops  in  Miller  and  Gidley’s  classification,  and  considered  it 
merely  a primitive  member  of  the  Cricetidae,  whose  zygomasseteric 
structure  was  nearer  that  of  Paramys  than  was  that  of  the  later  mem- 
bers of  the  family. 

In  the  earlier  part  of  this  study,  I have  used  Paramys  freely  in  com- 
parison with  the  heteromyids,  intending  it  as  an  example  of  a primi- 
tive rodent.  In  this  respect,  it  is  certainly  useful.  If,  however,  it 
could  be  shown  that  there  is  a strong  presumption  in  favor  of  its 
standing  in,  or  close  to,  the  position  of  ancestor  to  the  heteromyids, 
the  significance  of  the  comparisons  would  be  greatly  increased.  Para- 
mys is  included  by  Miller  and  Gidley  in  the  Dipodoidae,  while  the 
Heteromyidae  are  placed  in  the  Sciuroidae.  The  critical  point  in  their 
classification  seems  to  be  whether  or  not  transitional  forms  occur  be- 
tween one  type  of  zygomasseteric  structure  and  another,  especially 
within  an  admittedly  closely  related  group.  As  the  features  on  which 
their  classification  is  based  are  either  the  anatomy  and  position  of  the 
masseter  muscle,  or  features  governed  by  its  anatomy  and  position, 

7Matthew  (1910,  p.  68)  says  that  “in  view  of  the  importance  which  the  char- 
acters of  this  region  [antorbital  region]  assume  in  the  classification  of  rodents,  and 
of  the  antiquity  of  this  distinction  [between  forms  with  the  masseter  on  the  face 
and  those  with  it  confined  to  the  zygoma]  among  the  Sciuromorphs,  I think  it 
should  be  the  primary  basis  of  division  in  this  group  of  the  order.”  This  state- 
ment is  worth  considering  in  connection  with  Miller  and  Gidley’s  classification, 
showing  what  great  divergence  can  be  reached  starting  at  or  near  a common  point. 
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it  is  obvious  that  the  classification  is  valid  only  if  no  member  of  one 
group  has  developed  variations  in  the  anatomy  or  position  of  the 
muscle  identical  with,  parallel  to,  or  analogous  with,  the  primary 
variations  of  other  groups.  That  the  Rodentia  as  a whole  are  honey- 
combed with  parallelism  has  long  been  admitted.  The  Heteromyidae 
serve  as  a beautiful  warning  to  anyone  attempting  a classification  of 
the  order.  They  clearly  show  that  no  one  character  can  be  used  to  the 
exclusion  of  all  others,  but  that,  to  be  natural,  a classification  must 
cover  all  aspects  of  the  problem.  They  serve  as  a further  example,  if 
any  additional  ones  were  needed,  that  similar  structures  may  be 
acquired  independently  many  times,  and  that  the  end  stages  may 
only  be  separable  by  careful  and  detailed  study  of  a large  series  of 
intermediate  forms. 

There  are  several  instances  within  the  heteromyids  of  one  or  more 
muscles  changing  their  positions  with  accompanying  modification  of 
the  adjacent  bones.  The  close  resemblance  of  the  areas  of  muscle 
attachment  on  the  humerus  of  Diprionomys  to  the  corresponding  areas 
in  Dipodomys,  while  being  quite  distinct  from  those  in  Heteromys,  can 
only  mean  that,  in  either  Diprionomys  or  Heteromys , there  has  been  a 
change  of  position  and  size  of  such  muscles  as  the  deltoids,  bringing 
about  a corresponding  modification  of  the  bones.  As  the  infraorbital 
foramen  is  further  forward  in  Dipodomys  than  in  Perognathus,  it  seems 
clear  that  it  must  have  moved,  in  the  former  genus,  still  further  from 
the  zygoma  than  it  has  in  the  latter.  If  it  has  moved  this  additional 
distance,  why  could  it  not  originally  have  moved  from  the  zygoma, 
where  it  is  in  Paramys,  onto  the  face,  as  in  sciurids?  But  the  most 
striking  action  of  muscle  on  bone  detected  within  the  family  is  the 
modification  of  the  skull  of  Microdipodops  (see  above,  p.  112)  brought 
about  by  the  migration  of  the  temporalis  muscle,  and  forming  a dis- 
tinct temporal  fossa  in  the  lateral  margin  of  the  parietal,  bounded  in 
front  by  a noticeable  post-orbital  process  between  it  and  the  orbit. 

This  should  warn  us  to  expect  similar  modifications  when  the 
masseter  migrates.  As  the  migration  of  the  latter  is  greater,  the 
resulting  modifications  of  the  skull  should  likewise  be  greater.  Most 
authorities,  I believe,  would  admit  that  the  migration  of  the  tem- 
poralis described  above  has  little  phylogenetic  significance,  and  has 
occurred  relatively  recently,  starting  from  the  condition  found  in  the 
other  members  of  the  family.  Why  should  similar,  though  admittedly 
greater,  migrations  of  the  masseter  be  regarded  as  the  only  sure  basis 
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for  classification  of  the  rodents,  outweighing  all  other  points  of  re- 
semblance and  difference,  even  admitting  the  migration  of  the  masseter 
to  have  occurred  much  earlier  in  the  evolution  of  the  order  than  the 
movement  of  the  temporalis  described  in  the  case  of  Microdipodops? 
Why  could  the  same  type  of  migration  of  the  masseter  not  have  oc- 
curred independently  two  or  more  times,  if  the  same  type  of  cheek 
tooth  modification  (the  “Ischyromys  pattern”)  has  been  developed 
independently  a half  dozen  to  a dozen  times?  The  modification  of  the 
skull  in  Microdipodops  produced  by  the  migration  of  the  temporalis 
makes  the  skull  very  similar  in  this  region  to  that  of  the  smaller  genera 
of  sciurids' — an  independently  acquired  pattern. 

A rodent  with  the  primitive  type  of  zygomasseteric  structure  could 
be  just  as  closely  related  to  one  in  which  the  masseter  had  begun  to 
migrate  onto  the  face,  as  in  Sciuromorphs,  or  into  the  orbit  and  to- 
ward the  infraorbital  foramen,  eventually  to  pierce  the  zygomatic 
plate,  as  in  “Myomorphs”  and  “Hystricomorphs,”  as  are  Micro- 
dipodops and  the  other  members  of  the  Heteromyidae,  in  which  the 
temporalis  has  not  begun  to  invade  the  dorsum  of  the  skull.  The 
difference  in  tooth  pattern  between  Paramys  and  Ischyromys  is,  I 
believe,  just  as  fundamental  as  the  difference  in  zygomasseteric  struc- 
ture between  these  two  genera  and  Sciurus. 

In  Paramys  and  other  typical  Eocene  rodents,  the  infraorbital  fora- 
men is  of  fair  size,  and  is  situated  in  the  zygomatic  plate  of  the  maxil- 
lary, communicating  directly  with  the  orbit,  as  in  “Hystricomorphs” 
and  some  “Myomorphs”  and  “Sciuromorphs;”  There  is  not,  however, 
any  upgrowth  of  the  masseter,;  either  anterior  to  the  zygoma,  on  the 
face,  or  within  the  orbit,  passing  through  the  foramen. 

In  the  Sciuridae,  the  fossa  for  the  anterior  slip  of  the  masseter,  in 
front  of  the  zygoma,  is  very  clearly  demarcated — posteriorly  by  the 
zygoma  and  anteriorly  by  a well  marked  process,  separating  it  from 
the  infraorbital  fpramen.  This  last,  however,  is  only  a short  distance 
forward  from  the  zygoma.  The  Castoridae  are  a logical  derivation 
from  this  type,  with  a crest  instead  of  a knob,  separating  the  whole 
of  the  masseteric  region  from  the  foramen  and  anterior  facial  region. 
There  does  not  seem  to  be  any  satisfactory  interpretation  of  these 
conditions  other  than  on  the  basis  of  the  assumption  that  the  masseter 
has  moved  up  onto  the  anterior  face  of  the  zygoma,  lateral  or  postero- 
lateral to  the  infraorbital  foramen,  and  then  increased  in  size,  pressing 
against  the  nerve  and  blood-vessels  passing  through  the  foramen,  and 
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thus  causing  the  development  of  a protective  bony  canal  extending 
forward  to  the  anterior  end  of  the  masseter. 

In  the  Heteromyidae  and  Geomyidae,  the  masseter  has  moved  onto 
the  face  and  anterior  side  of  the  zygoma  in  the  same  manner.  Its 
subsequent  expansion  has  forced  the  infraorbital  foramen  forward, 
until  at  present  (and  the  same  is  equally  true  of  the  earliest  known 
skulls  of  any  member  of  either  family),  the  foramen  lies  well  forward 
on  the  muzzle,  about  half  way  between  the  incisor  and  the  premolar. 
There  is  never  any  strong  crest  or  process  between  the  foramen  and  the 
muscle,  the  separation  being  brought  about  by  distance  rather  than  by 
a protective  ridge  between  them.  There  is,  however,  considerable  in- 
dividual variation  as  to  whether  or  not  a minute  crest  or  process  may 
not  be  present.  In  the  Sciuridae,  a complete  sequence  can  be  found 
in  different  genera  and  species  from  forms  with  the  zygomasseteric 
structure  almost  identical  with  that  in  the  Geomyoidea  to  ones  in 
which  a crest  is  developed  between  the  masseter  and  the  infraorbital 
foramen,  almost  comparable  to  that  in  the  Castoridae.  There  is  a 
strong  correlation  between  structure  and  size — the  larger  the  sciurid, 
the  more  nearly  the  zygomasseteric  structure  approaches  that  of  the 
Castoridae. 

Most  authorities  agree,  at  the  present  day,  and  have  agreed  for  many 
years,  that  all  these  families — the  Sciuridae,  Castoridae,  Geomyidae 
and  Heteromyidae — belong  in  the  same  major  taxonomic  group — the 
Sciuromorpha  or  other  equivalent  term.  This  implies  that  these 
families  with  somewhat  diverse  zygomasseteric  structure  were  derived 
either  from  one  of  themselves  or  from  some  common  ancestor.  There 
is  no  evidence  of  any  sort  to  indicate  the  first  alternative  to  be  true. 
The  common  ancestor  would  of  course  have  had  the  potentiality  to 
evolve  into  any  of  its  descendants,  which  means  practically  nothing, 
although  implying  that  it  was  almost  certainly  more  primitive  than 
any  of  the  descendants.  In  so  far  as  it  was  more  primitive,  it  must 
have  had  a smaller  anterior  section  of  the  masseter,  no  knobs  or  crests, 
and  a more  posterior  location  for  the  infraorbital  foramen,  all  of  which 
represent  approaches  toward  the  type  of  zygomasseteric  region  found 
in  Paratnys. 

In  the  Paramyidae  and  Ischyromyidae,  the  infraorbital  foramen, 
though  large,  did  not  transmit  any  muscle.  Nor  was  the  anterior 
surface  of  the  zygoma  modified  for  the  muscle.  Incidentally,  the 
infraorbital  foramen  is  no  larger  proportionately  than  in  the  Hete- 
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romyidae,  in  which  group  it  has  not  been  reduced  in  size  by  com- 
pression from  the  masseteric  region,  but  has  been  forced  bodily  for- 
ward ahead  of  the  muscle.  The  small  size  and  lack  of  specialization 
of  the  masseter  are  what  one  would  naturally  expect  in  an  ancestral 
form.  There  can  be  little  doubt  that  the  Heteromyid,  Geomyid, 
Sciurid,  and  Castorid  conditions,  whatever  relation  they  may  bear  to 
each  other  or  to  those  of  other  rodents,  and  whatever  one  may  believe 
about  the  probability  of  deriving  them  from  the  structures  represented 
in  any  particular  form,  are  not  the  most  primitive  types  of  zygomas- 
seteric  structure  ever  occurring  in  the  history  of  these  families  and  their 
ancestors.  Most  authors  would  agree  that  the  rodents  are  derived  from 
the  great  insectivore  (sensu  latissimo)  stock.  In  these,  the  infra- 
orbital foramen  does  not  transmit  muscles;  the  masseter  does  not 
extend  up  onto  the  face  in  front  of  the  zygoma;  no  crests  are  developed 
for  it  on  the  face;  and  the  infraorbital  foramen  has  not  migrated  for- 
ward. In  other  words,  the  arrangement  is  essentially  that  of  Paramys. 
If  all  the  diverse  types  of  zygomasseteric  arrangement  have  been  derived 
from  this  central  one  at  one  time  or  another,  what  reason  is  there  to 
assume  that  each  one  has  only  been  acquired  once,  and  that  before  the 
beginning  of  the  Eocene?  The  more  specialized  types  of  zygomas- 
seteric structure  are  not  known  among  rodents  before  the  Oligocene. 
Before  this  time,  the  separation  of  “Sciuromorphs”  from  “Myo- 
morphs”  is  difficult  if  not  impossible,  suggesting  very  strongly  that 
these  groups  are  drawing  toward  their  common  ancestor.  It  is 
necessary  to  keep  in  mind  the  fact  that  the  time  interval  from  the  first 
appearance  of  Paramys  at  the  bottom  of  the  Eocene  to  the  Middle 
Oligocene  occurrences  of  Heliscomys  is  equal  to  that  from  the  Middle 
Oligocene  to  the  present. 

In  studying  the  variation  in  the  zygomasseteric  structure  of  Sciu- 
romorphs,  a skull  of  Tamias  was  observed  in  which  the  infraorbital 
foramen  had  migrated  an  unusually  short  distance  from  the  zygoma. 
This  led  to  a further  investigation,  and  the  discovery  of  a most  in- 
teresting series  among  specimens  of  Tamias , especially  T.  striatus 
fischeri.  Thirty-two  skulls  of  this  subspecies  were  studied,  in  which 
all  variations  occurred  from  forms  in  which  the  infraorbital  foramen 
had  been  forced  somewhat  forward,  and  a slight  process  developed 
ventrally  to  it,  to  ones  in  which  the  foramen  still  remained  in  the 
primitive  position  of  the  zygoma,  being  surrounded  by  the  area  of 
origin  of  the  masseter.  This  type  of  zygomasseteric  structure  differs 


246 


Annals  of  the  Carnegie  Museum 


vol.  XXIV 


from  that  of  Paramys  only  in  that  in  the  latter  genus  the  masseter  has 
not  started  its  upgrowth.  It  is  even  closer  to  the  condition  in  a skull 
of  Mylagaulus  sp.  in  the  author’s  possession  (A.  E.  W.  No.  9145)  in 
which,  although  the  masseter  did  not  extend  onto  the  anterior  face  of 
the  zygoma,  the  size,  shape  and  appearance  of  the  IOF  is  the  same. 
The  general  structure  of  Tamias  is  as  close  to  that  of  Mylagaulus  as 
it  is  to  that  of  Sciurus. 

This  is  highly  significant,  as  Miller  and  Gidley  include  the  Myla- 
gaulidae,  with  the  Paramyidae,  in  the  Superfamily  Dipodoidae.  It 
seems  reasonable  to  assume  that  if  the  zygomasseteric  structure  found 
in  the  Mylagaulidae  is  alone  sufficient  to  assign  that  family  to  the 
Dipodoidae,  then  the  occurrence  of  this  similar  zygomasseteric  struc- 
ture in  some  specimens  of  Tamias  striatus  fischeri  should  warrant  their 
inclusion  in  that  superfamily  as  readily  as  in  the  Sciuroidae.  But  the 
structure  in  other  specimens  of  the  subspecies,  being  typically  sciuroid, 
would  necessitate  their  allocation  to  the  Sciuroidae,  and  the  drawing 
of  a superfamilial  line  between  different  members  of  a single  sub- 
species. And  as  all  stages  of  the  transition  occur  in  this  form,  it  would 
be  an  extremely  difficult  task  to  determine  which  specimens  belonged 
to  which  superfamily.  When  a species  is  found  some  members  of 
which  belong  to  one  superfamily  and  some  to  another,  it  is  an  interest- 
ing case  of  the  way  all  intermediate  stages  are  present  in  evolution, 
and  shows  how  little  nature  cares  for  human  boundaries,  if  the  species 
is  actually  ancestral  to  both  superfamilies.  An  approach  to  this  con- 
dition is  found  among  the  lower  Eocene  Perissodactyls.  But  when 
the  species  in  question  is  a late  member  of  one  superfamily,  by  no 
possibility  ancestral  to  either  group,  there  seems  to  be  an  error  of 
some  sort  in  the  basis  of  the  classification. 

But  aside  from  such  transitional  forms,  the  Superfamily  Dipodoidae 
includes  forms  that  are  only  verbally  similar.  The  character  of  the 
zygomasseteric  structure  as  given  by  Miller  and  Gidley  (“nearly 
horizontal,  always  narrow  and  completely  beneath  infraorbital  fora- 
men” 1918,  p.  439)  includes  widely  different  types,  which  appear  to 
have  reached  their  present  condition  in  widely  different  manners.  In 
Paramys  and  the  Mylagaulidae,  for  example,  the  zygomatic  plate  is 
nearly  horizontal  because  that  is  the  primitive  condition  for  rodents 
and  the  growing  masseter  has  not  as  yet  effected  any  great  change.  In 
the  Dipodidae,  on  the  other  hand,  the  zygomatic  plate  is  horizontal 
because  the  masseter  has  passed  through  the  infraorbital  fenestra  and, 
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on  expanding,  has  forced  the  zygoma  down  until  it  becomes  even 
lower  than  in  the  primitive  forms.  There  seems  to  be  no  real  justifi- 
cation for  considering  these  two  types  of  zygomasseteric  structure  to 
be  identical. 

Let  us  now  try  to  visualize  the  ancestral  forms  for  the  different 
types  of  zygomasseteric  structure  found  in  some  of  the  various  recent 
rodents.  The  ancestor  of  the  Sciuromorpha  must  have  been  a form 
in  which  the  masseter  had  not  started  to  enlarge  on  the  face,  and  was 
confined  to  the  zygoma.  The  zygoma  was  probably  nearly  horizontal 
its  position  not  yet  having  been  altered  by  the  muscle.  The  infra- 
orbital foramen  was  on  the  zygomatic  plate,  which  was  fairly  narrow 
and  was  above  the  zygoma.  This  type  is  exactly  represented  by  the 
Lower  Eocene  Paramys.  In  the  “Myomorpha”  and  “Hystrico- 
morpha,”  the  ancestral  form  did  not  have  the  masseter  passing  through 
the  IOF,  but  it  was  confined  to  the  zygoma;  the  IOF  was  not  enlarged; 
the  zygoma  was  horizontal  but  not  as  low  as  in  the  Dipodidae.  This 
type  is  exactly  represented  by  the  Lower  Eocene  Paramys.  In  dental 
structure,  Paramys  could  be  ancestral  to  any  of  the  later  rodents,  as 
was  admitted  by  Miller  and  Gidley.  Of  course  it  might  be  possible 
that  Paramys  is  not  ancestral  to  all  the  later  rodents,  and  that  we 
would  have  to  go  back  into  the  Paleocene  to  find  the  common  stock. 
But  the  principle  is  the  same  in  either  case,  as  Paramys  seems  either 
the  common  ancestor,  or  else  a very  slightly  modified  descendant  of  the 
common  ancestor,  in  which  case  it  can  legitimately  be  considered 
structurally  ancestral.  But,  whatever  its  relationships  may  be  to  the 
“Myomorpha”  and  “Hystricomorpha,”  it  is  difficult  to  believe  that 
the  Paramys  stock  is  not  ancestral  to  all  the  Sciuromorphs. 

One  reason  for  the  difficulty  in  reaching  a firm  ground  for  the  sub- 
ordinal classification  of  the  Rodentia  is  the  uncertainty  as  to  what  the 
evolution  has  been,  in  nearly  every  group.  While  many  fossil  rodents 
have  been  described,  most  of  them  have  been  in  faunal  papers  by 
authors  who  were  specialists  on  some  other  group  of  mammals. 
Furthermore,  the  number  of  fossil  rodents  described  in  proportion 
to  the  number  of  living  members  of  the  order  is  relatively  small,  about 
8%  of  the  fossil  mammals  listed  in  Hay’s  two  catalogues  of  North 
American  Fossil  Vertebrates  (1902  and  1930)  being  rodents,  whereas 
about  55%  of  the  recent  mammals  listed  by  Miller  are  rodents  (1924). 
Other  than  the  Cricetidae  and  Dipodidae,  no  detailed  phylogenetic 
studies  of  any  group  as  a whole,  with  sufficient  material  to  make  the 
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results  reasonably  valid,  have  been  published.  In  the  two  families 
listed  above,  the  evolutionary  work  has  been  limited  to  parts  of  the 
family,  and  large  quantities  of  other  material  has  been  essentially  un- 
touched. Schaub’s  fine  monograph  has  placed  the  European  Crice- 
tinae,  at  least,  in  a fairly  understandable  position.  It  is  hoped  that 
this  study  will  help  to  put  the  Heteromyidae  in  a similar  position. 

A further  difficulty  in  the  way  of  correct  interpretation  of  the 
evolutionary  trends  and  stages  is  the  lack  of  described  skull  and 
skeletal  material,  most  fossil  rodents  being  known  from  teeth  and 
jaws  alone. 

And  finally,  while  the  modern  families  of  rodents  may  be  traced 
back  to  the  Oligocene  with  greater  or  lesser  success,  and  Eocene 
groups  have  been  discovered,  and  sometimes  traced  into  the  Oligocene, 
the  connecting  links  between  the  two  groups  have  rarely,  if  ever,  been 
identified  and  clarified. 

There  is  much  evidence  that  a fouriold  division,  or  even  greater 
multiplicity  of  superfamilial  groupings,  is  necessary  for  a correct 
visualization  of  the  relationships  of  the  order.  One  of  the  most  useful 
features  of  Miller  and  Gidley’s  classification  (and  there  are  many) 
is  the  emphasis  on  the  polyphyletic  nature  of  the  rodents.  But  it  is 
difficult  to  believe  that  the  arrangement  of  many  of  the  families  as 
indicated  by  Gill,  Tullberg  and  others  in  the  latter  part  of  the  last 
century  was  not  a closer  approximation  to  the  truth  than  that  adopted 
by  Miller  and  Gidley. 

In  conclusion,  I wish  to  quote  from  Matthew  and  Granger  (1923,  p. 
4),  as  follows:  “No  interpretation  of  the  affinities  of  existing  and 
extinct  rodents  can  avoid  the  assumption  of  a large  amount  of  paral- 
lelism, but  it  would  seem  that  Messrs.  Miller  and  Gidley  have  carried 
it  to  improbable  extremes  in  support  of  certain  preconceived  theories 
of  what  can  or  cannot  occur  in  the  modification  of  the  zygomatic  and 
dental  construction,  and  that  a reasonable  application  of  the  law  of 
probabilities  to  what  we  know  of  fossil  rodents  would  lead  to  some 
modification  of  these  theories  and  a resultant  simplification  of  their 
otherwise  admirable  revision,  which  we  fully  recognize  as  based  upon 
a most  thorough  and  complete  review  of  the  whole  order,  particularly 
as  including  the  extinct  as  well  as  the  existing  genera.” 

To  summarize,  it  seems  established  that: 

(1)  the  zygomasseteric  structure  of  the  Paramyidae  is  primitive; 
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(2)  that  of  such  modern  rodents  as  the  Sciuridae,  Castoridae, 
Geomyidae,  Heteromyidae,  etc.,  is  not; 

(3)  these  latter  types  must  have  been  derived  from  a form  with  the 
general  zygomasseteric  structure  found  in  Paramys ; 

(4)  Paramys  in  its  other  characters  could  be  a common  ancestor  to 
the  later  forms; 

(5)  its  time  relations  are  correct  for  an  ancestor; 

(6)  no  other  known  form  could  possibly  represent  the  common 
ancestor,  since  the  only  other  competitor,  in  point  of  time,  Eurymylus , 
is  apparently  not  a rodent  at  all. 

It  is  impossible  to  over-emphasize  the  tremendous  amount  of 
parallelism  which  has  flooded  the  evolution  of  the  rodents.  There  is 
far  and  away  a greater  amount  in  this  order  than  in  any  other  order  of 
mammals,  and  perhaps  nearly  as  much  as  in  all  other  placentals.  The 
reason  for  this  is  not  hard  to  find.  The  rodents  are  an  order  equal  to 
all  other  mammals  in  numbers  of  individuals  and  of  species.  The 
common  ancestor  of  all  these  forms  is  much  more  recent  than  the  com- 
mon ancestor  of  other  mammals.  The  habitats,  food,  size,  and  loco- 
motor habits  of  the  group  are  much  more  uniform  than  is  the  case  with 
the  rest  of  the  mammals.  If,  as  seems  certain,  the  closer  the  relation- 
ship; the  closer  the  food  habits;  the  closer  the  locomotor  habits;  the 
closer,  in  fact,  the  whole  environment  of  two  groups  is,  the  greater  the 
number  of  parallel  mutations,  and  hence  the  greater  the  parallelism 
in  evolution,  it  is  not  surprising  that  the  rodents  show  such  a wonder- 
ful example  of  what  may  be  termed  “parallel  radiation.” 

CONCLUSIONS 

1.  The  Heteromyidae  developed  numerous  branches  during  the 
middle  and  later  Tertiary,  which  have  paralleled  each  other  to  a high 
degree.  These  lines  fall  into  three  main  groups,  to  which  are  applied 
Coues’  subfamily  names.  The  Heteromyinae  are  more  distinct  than 
are  the  other  two  groups. 

2.  The  ricochetal  ability  has  been  acquired  at  least  two,  probably 
three,  and  perhaps  more,  times  within  this  family.  The  high  inflation 
of  the  skull  has  occurred  an  equal  number  of  times.  Fusion  of  cervical 
vertebrae  is  only  known  to  have  been  developed  in  two  genera. 

3.  The  cheek  tooth  patterns  are  quite  distinct  in  the  various  genera, 
and  frequently  can  be  used  to  distinguish  the  different  species  of  living 
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heteromyids,  especially  when  unworn  teeth  are  available.  This  is 
clearly  shown  in  the  case  of  Dipodomys,  of  which  a more  detailed  study 
was  made  than  of  the  other  living  genera.  The  teeth  of  this  genus 
are  closely  parallel  to  those  of  the  Geomyidae  in  the  restriction  of  the 
enamel  to  the  anterior  and  posterior  faces  of  the  tooth. 

4.  All  members  of  the  family  are  considered  descended  from  Helis- 
comys  of  the  Middle  Oligocene.  No  other  known  forms  from  Oligocene 
or  earlier  horizons  can  be  assigned  to  this  family  or  considered  closely 
related  to  it. 

5.  The  common  ancestor  of  the  geomyids  and  heteromyids  has  not 
yet  been  found. 

6.  Frechkop’s  hypothesis  of  "homodynamie  renversee”  is  shown 
not  to  be  an  elucidation  of  homologies,  but,  merely,  a description  of 
superficial  resemblances. 

7.  Paramys  seems  to  be  the  ideal  ancestor  for  the  heteromyids  as 
well  as  for  other  rodents.  The  hypotheses  of  Friant  and  Schreuder 
for  derivation  of  rodents  from  Multituberculates  by  way  of  Hystri- 
comorphs  appear  entirely  erroneous,  due  to  incorrect  initial  postulates. 

8.  Miller  and  Gidley’s  classification  of  rodents  on  the  basis  of  the 
structure  of  the  zygomasseteric  region  is  considered  untenable,  as  it  is 
based  on  a single  character,  neglects  the  modifications  of  the  bone 
brought  about  by  the  enlarging  of  the  masseter  muscle,  and  is  opposed 
by  all  the  evidence  of  paleontology,  as  well  as  by  much  evidence  drawn 
from  recent  rodents.  In  spite  of  this,  it  is  unquestionably  the  best 
classification  that  has  yet  been  made. 

9.  The  most  important  point  to  be  emphasized  is  that  "Parallelism, 
parallelism,  more  parallelism  and  still  more  parallelism”  is  the  evolu- 
tionary motto  of  the  rodents  in  general  and  of  the  heteromyids  in  par- 
ticular. This  extends  to  all  parts  of  the  body.  It  makes  the  task 
of  determining  interrelationships  particularly  difficult,  and  renders 
exceptionally  dangerous  any  postulates  as  to  what  the  relationships 
of  a given  form  may  really  be,  if  full  evidence  does  not  exist  to  clear 
the  maze  of  parallel  adaptations  for  us.  This  shows  the  insuperable 
difficulties  awaiting  anyone  who  attempts  a classification  based  on  a 
single  character  or  on  a group  of  characters  with  a common  cause. 
The  parallelism  is  so  great  that  there  is  no  justification  for  believing 
two  apparently  identical  structures  to  be  the  same,  unless  the  apparent 
identity  is  supported  by  apparent  identity  of  many  other  structures, 
or  unless  the  development  of  the  two  characters  can  be  traced  through 
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and  proven  to  be  identical  at  every  step.  As  it  has  not  been  possible 
to  trace  the  complete  sequence  of  heteromyid  evolution,  there  are 
undoubtedly  many  errors  of  interpretation  in  the  present  work. 
“Parallel  radiation”  is  used  as  a descriptive  term  of  the  type  of  evolu- 
tion represented  by  the  rodents. 

Previously,  the  only  group  of  rodents  sufficiently  well  known  to 
warrant  any  belief  in  an  understanding  of  such  a simple  item  as  cusp 
homologies  in  the  different  members  was  the  Cricetinae,  monographed 
by  Schaub.  It  is  hoped  that  the  present  work  will  bring  another 
group  of  rodents  toward  the  point  where  we  can  have  a similar  under- 
standing of  its  evolution. 
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TABLE  II.  DENTAL  MEASUREMENTS  OF  HETEROM YIDAE. 

All  Measurements  in  Millimeters 


Heliscomys  velus,  A.  M. 
N.  H.  Nos.  5461  and  5462. 
Left. 

Heliscomys  senex,  P.  U. 
No.  13459.  Left. 

Heliscomys  gregoryi,  C .M. 
No.  10176.  Right. 

Mookomys  formicorum,  C. 

M.  Nos.  10177,  10178, 

10179.  Right. 

Mookomys  altifluminis,  A. 

M.  N.  H.  No.  21360.  Left. 

Perognathoides  quartus,  U. 

Cal.  C.  V.  P.  No.  29639. 

Perognathoides  lertius,  U. 

Cal.  C.  V.  P.  No.  29632. 

Perognathus  furlongi,  Cal. 

Inst.  Tech.  Coll.  Vert. 

Pal.  No.  35. 

Perognalhus  coquorum,  H. 

J.  C.  No.  702.  Right. 

Perognalhus  sp.  indet.  A. 

M.  N.  H.  No.  27791. 

Perognathus  fallax,  A.  M. 
N.  H.  No.  5066. 

Perognathus  hispidus  para- 

doxus, A.  E.  W.  Nos.  1208 
and  1336-E. 

Microdipodops  californicus, 

U.  Cal.  No.  38798. 

Cupidinimus  nebraskensis, 

C.  M.  No.  10193.  Left. 

Cupidinimus  nebraskensis, 

C.  M.  No.  10170.  Left. 

Cupidinimus  magnus,  U. 

Cal.  Coll.  Vert.  Pal.  Nos. 

12567  and  12568. 

Cupidinimus  magnus,  A. 

M.  N.  H.  No.  21835.  Left. 

Dipodomys  minor,  A.  M. 

N.  H.  No.  27790.  Right. 

Dipodomys  gidleyi,  A.  M. 

N.  H.  No.  21848.  Right. 

Dipodomys  compactus,  A. 

M.  N.  H.  No.  2732. 

Dipodomys  merriami,  A. 

M.  N.  H.  No.  6824. 

Dipodomys  ordii,  A.  E.  W. 

No.  1302. 

Dipodomys  heermanni,  A. 

M.  N.  H.  No.  63740. 

Dipodomys  speclabilis,  A. 

M.  N.  H.  No.  35035. 

Dipodomys  deserti,  A.  M. 

N.  H.  No.  2598. 
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M.  No.  10362.  Right. 

Peridiomys  rusticus,  A.  M. 
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Liomys  vulcani,  A.  M.  N. 

H.  No.  28366. 
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3 • 88 

3 -96 

431 

5-35 

5.20 

3 45 

4.68 

1 . 70 

1 . 70 

PrAUTI  Ipnpth  P^  

0.70 

0-75 

1.49 

1.48 

0.86 

0-75 

0.90 

0. 70 

0.86 

I . 09 

I .30 

1.30 

1. 16 

I . 12 

i-35 

1 . 60 

1 -45 

1 . 60 

I . 51 

1 27 

1.58 

I 21 

Width  protoloph  P1* 

0.60 

0.40 

0-95 

1 . 00 

1 . 2 

0 . 65 

0. 70 

0.50 

°-55 

0-55 

I .40 

0.89 

1 . 49 

1 • 53 

I 1 . 18 

2 . 04 

2 . 03 

1 . 08 

I . 04 

0 

o' 

1 Width  inetaloph  P^ 

I . 00 

1 . 09 

I . 48 

1 .40 

1 . 2 

1 . 22 

1 . 40 

1 . 15 

1 . 05 

1 . 12 

1 • 55 

1 -47 

1 . 49 

1 • 53 

I 1 . 18 

2 . 04 

2 . 03 

1 9i 

I . 80 

1 27 

j 

Crown  length  M * 

0.82 

I . l6 

1 .06 

0.9 

0.90 

I . 00 

0. 71 

0.90 

1 . 02 

0.90 

1 . 06 

0 . 94 

1 . 61 

1 • 55 

1 . 25 

0 . 78 

0 94 

I 08 

1 • 3 7 

1 . 08 

Width  protoloph,  M1 

1 . 08 

I .48 

1.42 

1-3 

125 

1.40 

I . 12 

1 . 09 

132 

i-55 

1 .62 

1. 81 

j 1.08 

2-34 

2 . 10 

I . 12 

1.67 

1.42 

1-25 

1.48 

1 13 

I . 20 

Wridth  metaloph , M 1 

1 . 04 

I . 42 

1 . 42 

1 . 3 

1 . 22 

1 • 43 

I . 02 

1 . 08 

132 

1 ■ 39 

1 . 62 

1 . 81 

j 1.08 

2 34 

2 . 10 

I . 08 

I . 65 

Crown  length  1W®  

0 . 80 

I . 05 

0 . 87 

0 . 8 

0 . 77 

0 . 90 

0 . 60 

0 . 80 

0 . 79 

0 . 95 

1 . 26 

0 . 74 

I . 18 

0 . 83 

0 ' 

0 08 

I 0 1 

Width  protoloph,  M3 

I . 02 

I .36 

1 . 09 

1 . 2 

1 . 05 

1 . 30 

0 . 90 

0 . 96 

ca.  1 

1 .33 

1 . 42 

1.56 

| I • 32 

2 . 00 

I . 08 

I . 65 

1 . 26 

i 1 8 

Width  metaloph,  M2 

I . 00 

I . 18 

1.09 

1 . 2 

0.90 

1.29 

O.77 

0.90 

1. 17 

1.42 

1.56  1 

[ 1-03 

1.94 

2.00 

I . 02 

I . 64 

1. 18 

r 30 
1. 17 

1 41 
1-32 

1 . 15 

Crown  length,  M3 

0 . 55 

0.67 

0 . 7 

0 . 73 

0 . 87 

0 . 45 

0.58 

0 . 67 

0 . 80 

1 . 00 

0 . 94 

1 0 . 01 

1 . 40 

0.84 

1 . 08 

0.87 

Width  protoloph,  M3 

0.80 

0 . 87 

0 . 9 

0 . 75 

1 . 07 

0 . 65 

0.81 

0 . 80 

1 . 00 

0.98 

1 

1 . 23 

I 0 

i 0.98 

1.62 

1 . 36 

i 57 

o ' 90 

1 . 28 

Width  metaloph,  M3 

0.60 

0.9 

0 . 70 

0-93 

0.65 

0-53 

0.80 

0.60 

0.98 

1-23 

! 0.98 

1 . 62 

II5 

1 25 

0.72 

I . 00 

1.24 

0.96 

Alveolar  length,  lower  cheek  teeth 

3 07 

4.62 

3- 80 

3 63 

4.78 

.... 

l 5-20 

7.20 

6.0 

4 -37 

5-25 

Crown  length,  lower  cheek  teeth 

2.88 

3-55 

4.00 

2-75 

3 01 

ca.  3 . 96 

4 03 

3-9i 

; 4-5° 

5-15 

4-85 

5-35 

4.68 

Crown  length,  P4 

0.48 

0.62 

1.05 

1.48 

1.30 

123 

0.83* 

0.90 

0.89 

0. 70 

0.84 

1 .60 

1. 17 

IIS 

1 . 20 

1.24 

1.30  ; 

1-1.48 

1.82 

1.62 

0.71 

0.99 

1.62 

i-37 

1 • 38 

1 30 

0.91 

1 3i 

1 . 10 

Width  metalophid,  P4 

0-55 

0-37 

0.80 

I . 20 

0.85 

1 .04 

0.47* 

0.65 

0.84 

0.86 

0.71 

1 . 10 

1. 14 

1 . 06 

1 .06 

1. 18 

0.94 

| 0.83 

II5 

1-35 

0.60 

0.92 

1 30 

1 . 17 

1 . 10 

1 . 02 

0.87 

1 . 12 

1-05 

Width  hyplophid,  P4 

0-55 

0.56 

0-95 

i-45 

1 05 

1.32 

0.76* 

0.90 

1 . 00 

0-95 

0.89 

1.56 

1.50 

1.65 

i-37 

1.38 

1. 41  : 

i i -33 

1.77 

1 .98 

0.60 

1.02 

183 

1.48 

1.38 

1 i5 

1 . 12 

1. 18 

1 . 08 

Crown  length,  Mi 

0.84 

0.87* 

0.94 

1 . 10 

1 . 01 

1 . 10 

1.38 

1 . 04* 

1 05 

1 . 20 

0.85 

0.87 

1.08 

1.03 

1 05 

0.90 

1.04 

1 . 01 

1.08 

i - 23 

1. 19 

0 . 85 

1.28 

156 

1.30 

1. 21 

1 33 

1 . 08 

1-15 

i-iS 

1 05 

Width  metalophid,  Mi. . . . 

0.83 

0.81* 

1 13 

11S 

1.50 

1 . 21 

1.63 

0.79* 

1 05 

1.42 

1.08 

1.02 

1 25 

1.79 

1.98 

1.49 

i-53 

i -75  ! 

1.56 

2 .21 

2.08 

0-75 

1-32 

1 99 

165 

1.28 

1-55 

1 25 

I . 10 

1 35 

1 . 20 

Width  hypolophid.  Mi ... . 

0.84 

0.81* 

1.23 

11S 

150 

1 . 21 

1-56 

0.78* 

1 .00 

i-37 

1 . 11 

0.97 

1.50 

1 79 

1.98 

1.49 

1 S3 

i-75 

1 -56 

2 . 21 

2.08 

O.92 

I . 22 

2.08 

1-65 

1-37 

1 . 55 

1 35 

115 

i-43 

i - 15 

Crown  length,  M. 

0.82 

0.78 

0.90 

1 . 00 

1-33 

0.91 

0-95 

1 . 18 

0.67 

0.77 

1 . 00 

ca.  1 .01 

0.83 

0.97 

0.96 

0.98 

1. 14 

1. 15 

1-52 

1.30 

1-50 

1 41 

1 32 

1 03 

1. 14 

'1 . 10 

1 .01 

"idth metalophid,  M2.  . 

0.82 

0.92 

1 13 

1 . 10 

1.58 

1.24 

1 . 10 

1. 41 

1.07 

0.91 

1.58 

1.82 

i-39 

1.36 

1.62 

1 27 

2.04 

1.88 

1.65 

I.44 

2.02 

1.68 

i-57 

1 . 21 

1 . 18 

i-43 

1 . 16 

Width  hypolophid,  M<. 

0.83 

0.85 

1.07 

1 . 10 

1.58 

1.24 

1 05 

i-34 

1.03 

0.85 

1.66 

1.82 

i-39 

1.36 

1.62 

1.27 

2 . 04 

1.88 

1. 71 

1-32 

1.99 

1.67 

1 . 58 

1 . 22 

I . 12 

1 42 

1 -15 

Alveolar  length,  M3 

0.67 

I 56 

I . 00 

1 . 28 

Cn»n  length,  M3 

0 72 

1 12 

o ’ go 

0 00 

ca.  0. 78 

0 70 

0.82 

0 73 

0 80 

i 00 

0 go 

I 20 

i 2c 

1 . 19 

0 . 98 

0 95 

1 . 08 

0 . 87 

Width  metalophid,  M3 

0 69 

1 25 

o ' go 

111 

0 74 

° 57 

0 . 69 

I 30 

0 . 89 

1 69 

1 ^ 

0 91 

I 23 

1 . 80* 

1 - 35 

1 . 32 

1 . 04 

1.08 

1 . 05 

Width  hypolophid,  M3 

°-54 

125 

0.70 

1.02 

0.50 

0 . 46 

ca.  1 . 54 

1 13 

1 13 

1. 00 

1.30 

0.89 

1.69 

152 

0.96 

1.03 

1.80* 

1 ■ 25 

1 . 10 

0.86 

0.90 

1.22 

1 .01 

'Measurement  of  alveolus. 


All  Measurements  in  Millimeters 
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dP4 

anterior-posterior 

width,  anterior  loph 

width,  protoloph 

width,  metaloph 

dP4 

antero-posterior 

width,  anterior  loph 

width,  protolophid 

width,  metalophid 

Length,  Humerus 

Distal  width,  humerus 
Head  to  deltoid  proces 

Length,  Radius 

Length,  Ulna 

Length,  Carpus | 

Length,  Metacarpal  I . 
Length,  Metacarpal  III 
Length,  Metacarpal  II 
Length,  Metacarpal  IY 
Length,  Metacarpal  V 
Length,  Prox.  phalang] 
Length,  Prox.  phalangi 
Length,  Prox.  phalang] 
Length,  Prox.  phalang] 
Length,  Prox.  phalang] 

Length,  Ilium 

Width,  Ilium 

Length,  Ischium 

Diamater  acetabulum. 

Length,  Femur 

Great  Trochanter  to  H 
Great  to  Third  TrochsJ 
Length,  Tibio-fibula.  . 

Amount  united 

Width,  distal  end 

Length,  Astragalus.  . . 
Width,  Astragalus  .... 
Length,  Calcaneum.  . . 
Width,  Calcaneum.  . . . 
Center  astragalus-end 
Length,  Metatarsal  I . 
Length,  Metatarsal  II 
Length,  Metatarsal  II] 
Length,  Metatarsal  I VI 
Length,  Metatarsal  V. 
Length,  Prox.  phalangj 
Length,  Prox.  phalang 
Length,  Prox.  phalang 
Length,  Prox.  phalangi 
Length,  Prox.  phalang 
Length,  Medial  phalar 
Length,  Medial  phalari 
Length,  Medial  phalari 
Length,  Medial  phalari 
Length,  Ungual  phalari 
Length,  Ungual  phalarj 
Length,  Ungual  phalar 
Length,  Ungual  phalar 
Length,  Ungual  phalari 


TABLE  III.  LIMB  MEASUREMENTS  OF  HETEROMYIDS 


I Mookomys  allifluminis , A. 

M.  N.  H.  No.  21360. 

Perognathus  f.  fallax,  A. 

M.  N.  H.  No.  310. 

P.  hispidus  paradoxus, 

A.  E.  W.  No.  1318. 

P.  f.  flavus,  A.  E.  W. 

No.  1313. 

Microdipodops  califori- 

cus.  U.  Cal.  No.  38798. 

Cupidinimus  nebraskensis, 

C.  M.  No.  10193. 

Dipodomys  ordii,  A.  E.  W. 

No.  1302. 

<i 

§ 0 

0 0 

'£  O 

1 6 
z 

o'  z 

X 

% 

s 

< 

1 j? 

■§,  ^ 

1 d 

Q Z 

Diprionomys  agrarius,  F. 

M.  No.  14932. 

Liomys  piclus,  A.  M.  N.  H. 

No.  8347. 

150 

8.50 

1 

10. 2 

15-2 

4. 0 

II.I 

19 . 0 

21.9 

14. 5 

29 

2-59 

3 9 

4. 1 

5 • 7 

6.0 

3.8 

5-45 

14.0 

32 

6.4 

4 ■ 0 

7 • 4 

10 . 1 

5 • 1 

12  9 

9 . 01 

17.0 

20 . 5 

14 . 9 

21.9 

19.9 

15 . 0 

15.0 

11 .4 

18.3 

26.5 

18 . 0 

0.85 

1 . 08 

1 • 3 

0-95 

2.69 

3 25 

i 1 

0.65 

1 . 25 

1 . 9 

2.5 

2.07 

2.86 

2.83 

325 

2.68 

2.70 

2.85 

2 .40 

i-75 
0. 70 
132 
1.58 
1.49 

3 • 5 

5 • 7 

2-5 

1.85 

2-37 

1.67 

3 • 6 

2.15 

2.38 

0.58 

158 

09 

1.65 

1.65 

#85 

i-3 

1 32 

1 ■ 51 
1.36 
1.29 

24 

2 . 6 

2.05 

1.85 

2 • 4 

Length,  Ilium 

14  2 

6 . 2 

17.2 

M 8 

22  9 

19.0 

5-9 

14.6 

3-5 

8.50 

Width,  Ilium 

27 

3-85 

1 • 85 
6-5 

5-4 

15  8 
5-0 
37-3 

Length,  Ischium 

7 0 

4 t 

95 

2-7 

-3 

Diamater  acetabulum.  . . . 

19 

24 

II 

1 7 

10  7 

25 

28 . 5 

Length,  Femur 

16.25 

0- 5 

4 95 

19-5° 

9 50 
2-43 
2.52 

1- 73 
4-7i 

21-5 

IO.25 

0 . 0 

15  4 

14.8 

30  2 

21  1 

Great  Trochanter  to  Head 

0 5 

0.6 

3 

0 . 8 

Great  to  Third  Trochanter 

6 10 

2.75 

4 L 

6 9 

12  8 

8.5 

6 6 

Length,  Tibio-fibula 

215 

975 

3 05 
3-0 

2.25 

5-55 

2.85 

19.19 

9 83 
2.4 
2.32 
1.28 
4.00 

1. 65 

38.5 

20.5 

3- 8 

4- 5 

2.7 

8-7 

7i 

31-5 

15  9 
3.15 

3-2 

23 

7-i 

2 6 

Amount  united 

Width,  distal  end 

Length,  Astragalus 

Width,  Astragalus 

Length,  Calcaneum 

Width,  Calcaneum 

10. 10 

215 

3 00 

5- 10 

1 . 77 

6.25 

i-5o 

1.85 

130 

2.60 

22  4 

13  3 
2-35 

2.6 

1 . 8 

4.6 

T 8 c 

49  2 
26.8 

5-4 

14.8 

4- 7 

5- 2 
3-2 

9.0 

7 f\ 

9-5 

3-2 

3-1 

2 . 2 

5-5 

Center  astragalus-end  Mts.  3 

12.25 

4-5° 

8 . 40 

1 . 25 

i . 05 
12  6 

22.3 

T 8 1 

3 0 

2 . 4 

Length,  Metatarsal  I 

4-37 

8 • 23 

10.7 

6 7 

13  ■ 7 

C ifi 

Length,  Metatarsal  II 

noc 

16. 1 
16.7 

13 -7 

14.6 

15.0 

3 • 1 ° 

10.30 

10.57 

10.60 

Length,  Metatarsal  III 

9. 20 

0 20 

8 c c 

21.7 

Length,  Metatarsal  IV.  . . 

0 ■ jj 

8.38 

7.09 

I.94 

2.78 

l43 

13  9 

Length,  Metatarsal  V 

7 32 

10  40 
9-85 
3-45 

145 

22  0 

19.9 

14.0 

Length,  Prox.  phalange  1 

i-75 

3 • 26 

12.3 

11 .0 

8.14 

Length,  Prox.  phalange  2 

3 • 0 

6 0 

525 

r 7 8 

... 

2 . 50 

Length,  Prox.  phalange  3 

3 ■ 30 

4 25 

6 6 

3 • 91 
4-3i 

Length,  Prox.  phalange  4 

3 • 18 

4 4 

6-5 

5 ■ 3° 

0 • 3 

Length,  Prox.  phalange  5 

2 . 98 

9 -4 

5 ■ 20 
403 
3.05 
3-30 
2.90 

9 • 3 

f\  n 

0 8 c 

Length,  Medial  phalange  2 

1.64 

^ I 

I 70 

O . 9 

z*.  05 

1.92 

Length,  Medial  phalange  3 

2 07 

4 ^ 

4- 9 

5.1 

5- o 

Length,  Medial  phalange  4.  . . . 

1.83 

1.58 

1 . 08 

I 00 

3-3 

i-75 

Length,  Medial  phalange  5 

^ ' 

■99 

pngth,  Ungual  phalange  1 

I 7 

2.4 

2.20 

3 ■ 7 

1 • 55 

1 08 

Ler*gth,  Ungual  phalange  2 

I 20 

1 • 5 

2.32 

2.90 

i-50 

1.60 

Length,  Ungual  phalange  3 

2 32 

2 4 
2-5 

3 ■ 25 

5 • 0 

Length,  Ungual  phalange  4 

2.31 

1.72 

'45 

4 • 25 

5-5 

Length,  Ungual  phalange  5 

2 Q5 

3 0 

2 . 70 

1 . 50 

L 1 

3 • 15 

2 . 05 

3 ■ 7 

1 • 35 
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4 

7 
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17 

0 

21 

1 

1 

5 
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83 

3 

53 

4 

9 

4 

14 

2 

25 

1 

55 

2 

48 

2 

83 

2 

74 

2 

10 

15 

4 

4 

2 

1 1 

0 

2 

7 

25 

1 

2 

28 

6 

11 

8 

3 

5 

3 

5 

2 

5 

6 

8 

2 

7 

16 

g 

6 
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11 

5 

12 

3 

12 

5 

2 

90 

4 

57 

5 

35 

5 

08 

2 

68 

3 

00 

2 

58 

I 

25 

2 

58 

2 

63 

I 

50 

Heteromys  longicaudus, 


TABLE.  IV.  SKULL  PROPORTIONS  AND  INTERPARIETAL  WIDTH 


Length 

Skull 

Width 

Skull 

Skull 

Index 

Width 

Inter- 

parietal 

Perognathus  anthonyi 

25 

.6 

13 

. 0 

50 

78 

7 

2 

P.  baileyi  insular  is 

28 

•4 

14 

.8 

52 

1 1 

6 

9 

P.  b.  rudinoris 

28 

•7 

14 

•9 

5i 

97 

6 

32 

P.  bryanti 

23 

•4 

12 

•5 

53 

4i 

7 

13 

P.  californicus 

27 

. 2 

13 

•7 

50 

37 

8 

32 

P.  fasciatus  fasciatus 

22 

.6 

12 

. 2 

5i 

77 

4 

67 

P.  fasciatus  flavescens 

21 

■7 

11 

•5 

52 

99 

5 

03 

P.  femoralis  femoralis 

27 

■5 

14 

. 0 

50 

90 

7 

98 

P.  fallax  pallidus 

25 

.8 

13 

•4 

5i 

93 

6 

05 

P.  formosus 

26 

■3 

14 

. 0 

53 

23 

P.  1.  longimembris 

22 

■7 

13 

■4 

59 

03 

4 

30 

P.  1.  bangsi 

21 

.6 

12 

■5 

57 

87 

4 

20 

P.  penicillatus  arenarius 

23 

.8 

13 

•4 

56 

30 

6 

93 

Microdipodops 

26 

•9 

18 

•5 

68 

77 

Cupidinimus  nebraskensis 

ca.20 

ca.12 

ca.  60 

4 

85 

Dipodomys  compactus 

35 

•7 

21 

•3 

60 

2 

3 

75 

D.  agilis 

39 

■4 

24 

. 0 

61 

1 

1 

42 

D.  ordii 

38. 

.8 

24 

. 2 

62 

3 

2 

86 

D.  heermanni 

38 

3 

24 

■05 

62 

4 

2 

7 

D.  spectabilis 

45' 

. 1 

29 

. 0 

64 

0 

2 

4 

D.  deserti 

45' 

. 0 

30 

. 0 

66 

3 

0 

12 

D.  nitratoides 

32. 

. 1 

21 

•4 

67 

5 

1 

58 

Peridiomys  oregonensis 

ca.33 

ca.16 

ca.  48 

5 

Liomys  p.  pictus 

30. 

. 1 

14 

•3 

47 

5 

9 

2 

L.  p.  escuinapae 

30. 

.8 

14 

•7 

47 

5 

9 

4 

L.  p.  plantarensis 

30. 

3 

14 

.8 

48 

8 

9 

0 

L.  p.  rostratus 

33 

. 1 

15 

3 

46 

1 

8 

6 

L.  vulcani 

28 , 

9 

13 

■7 

47 

4 

8 

8 

L.  irroratus  canus 

32 

.6 

16 

. 1 

49 

1 

8 

8 

L.  i.  jaliscensis 

30. 

■7 

15 

. 0 

48 

9 

8 

6 

L.  i.  texensis 

29 

. 1 

14 

•4 

49 

4 

7 

6 

Heteromys  jesupi 

34 

. 1 

16 

. 2 

47 

5 

9 

4 

H.  longicaudus 

34 

,6 

16 

■5 

47 

7 

9 

3 

H.  crassirostris 

3i 

3 

14 

9 

47 

6 

8 

75 

H.  gaumeri 

34' 

. 2 

16 

. 2 

47 

37 

9 

04 

H.  melanoleucus 

34- 

. 2 

16 

. 0 

46 

78 

8 

34 

H.  zonalis 

38. 

3 

17 

. 0 

44 

38 

8 

80 

Interparietal  not  visible  in  adult,  being  covered  by  mastoid. 


TABLE  V.  LIMB  PROPORTIONS 


Intermembral  Index. 

Revised  Intermembral  In- 

X* 

OJ 

Ratio,  Humerus  to  femur 

X 100. 

Ratio,  Radius  to  tibia 

X 100. 

Height,  sacro-iliac  junc- 

1 tion  X 100,  to  length  of 

same. 

Height  of  Greater  tro- 

chanter above  head,  in  % 
of  femur  length. 

Length  of  fused  portion  of 

tibia  and  fibula  in  % of 

tibia  length. 

Perognathus  f.  fallax 

63- 

8 

47 

7 

68 

9 

59-5 

47-6* 

3.08 

48.72 

P.  fiavus  Jlavus 

78. 

0 

82 

9 

74-4 

47.6* 

5165 

P.  hispidus  paradoxus. 

65- 

9 

69 

7 

65.1 

47-6* 

3-25 

43-33 

P.  penicillatus 

63- 

5 

50 

0 

64 

1 

59-5 

47.6* 

0 . 00 

50.0 

P.  apache 

70. 

7 

52 

5 

76 

9 

65.8 

47-6* 

2.31 

49-4 

f M icrodipodops 

58. 

2 

42 

8 

59 

1 

57-6 

45.2* 

3 25 

59-4 

f Cupidinimus  nehraskensis.  . 

56-. 

5 

44 

8 

66 

2 

47.0 

58.6 

405 

51.22 

]Dipodomys  m.  merriami  . . . 

48. 

3 

35 

8 

49 

8 

47-3 

41. 1* 

4 03 

50.4 

f D.  ordii  luteolus 

50. 

1 

37 

8 

55 

5 

46 . 1 

41. 1* 

4.91 

53-2 

f.D.  ornatus 

48. 

0 

36 

5 

5i 

2 

45-5 

41 . 1* 

50.0 

f D.  spectabilis 

44- 

4 

34 

1 

50 

9 

44-5 

41 . 1* 

5-36 

55-6 

?f  Diprionomys  agrarius 

63- 

9 

48 

4 

72 

5 

56.5 

58.0 

42 . 0 

Liomys  pictus 

65- 

4 

50 

2 

68 

7 

62 . 5 

47-i* 

3-  79 

39-6 

Heteromys  longicaudus 

64. 

0 

50 

0 

74 

2 

59-4 

48.6* 

4.76 

41.2 

Paramys  delicatus 

68. 

4 

55 

0 

74 

2 

57-9 

ca.  5 

0 . 00 

Sciurus  sp. . . 

68 . 

5 

54 

7 

74 

8 

62 . 7 

0 . 00 

*After  Hatt  (1932).  Measurements  apply  only  to  the  genus. 
fRichochetors. 


ART.  VIII.  NEW  SPECIES  OF  ECHINOCARIS  FROM  THE 
UPPER  DEVONIAN,  OF  ALFRED  STATION,  NEW  YORK. 


By  E.  R.  Eller. 

INTRODUCTION 

The  species  of  Echinocaris  described  in  this  paper  form  part  of  a 
large  and  diversified  fauna  found  in  a layer  of  Upper  Devonian  shale, 
“Chemung”  age,  at  Alfred  Station,  New  York.  The  fauna,  as  far  as 
has  been  determined,  includes  a doubtful  species  of  foraminifera, 
sponges,  starfish,  two  species  of  worms,  bryozoa,  seventeen  species  of 
brachiopods  including  possibly  two  that  are  new,  thirty-two  species 
of  pelecypods  with  new  species,  five  species  of  gastropods,  and  three 
of  cephalopods.  Fragments  of  plants,  and  scales  and  spines  of  fish, 
are  scattered  through  the  shale.  The  most  interesting  groups  are 
probably  the  crinoids  and  the  crustaceans.  Besides  three  new  crinoids, 
a colony  of  over  a hundred  Anamesocrinus  luiheri  Goldring  was  un- 
covered. In  addition  to  the  Echinocaris  among  the  crustaceans,  the 
fauna  contains  Cardiocaris,  Spathiocaris,  four  new  species  of  ostracods, 
and  a ramus  of  Pterygotus. 

The  shale  in  which  the  fossils  are  found  is  about  five  feet  thick,  very 
fine  grained,  and  was  probably  deposited  in  quiet  and  fairly  deep 
water.  Above  this  shale  is  a barren,  silicious  shale  about  forty  feet 
thick.  This  was  formerly  used  by  ceramic  plants  that  were  located 
near  by.  The  name  Alfred  Shale  is  proposed  here  for  the  shale  facies 
with  its  large  and  unique  fossil  assemblage  as  well  as  for  the  thicker, 
silicious  shale  lentile  above.  This  Alfred  Shale  is  overlaid  by  a layer 
of  heavy,  calcareous  sandstone  about  six  feet  thick.  The  sandstone 
breaks  off  in  large  pieces  which  fall  to  the  base  of  the  outcrop.  The 
blocks  are  very  conspicuous  and  are  found  for  about  an  eighth  of  a 
mile  along  the  banks  of  the  two  creeks  that  meet  at  Alfred  Station. 
The  shale  formerly  used  by  the  ceramic  plants  was  mined  one  mile 
farther  up  the  creek  toward  the  village  of  Alfred. 

The  stratigraphy  of  western  New  York  has  been  recently  revised  by 
Dr.  George  H.  Chadwick.  The  heavy,  calcareous  sandstone  layer  at 
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Alfred  Station  is  considered  by  Dr.  Chadwick*  to  be  the  top  of  the 
Rushford  Sandstone  of  the  Canadaway  Group.  Search  was  made  at 
the  outcrops  where  the  sandstone  and  shale  should  have  been  found, 
but  all  attempts  to  trace  these  beds  there  have  been  without  success. 
Possibly  these  rocks  have  changed  in  their  lithological  and  paleonto- 
logical character,  or,  are  only  lentiles  so  common  in  the  Upper  De- 
vonian of  New  York  which  have  not  wide  distribution. 

The  location  of  the  fauna  is  limited  to  about  six  inches  of  the  lower, 
fine  grained  shale.  Collecting  was  done  in  the  creek  bed  in  an  area 
about  fifty  feet  long  and  three  feet  wide.  While  most  of  the  fossils  are 
found  as  casts,  they  are  in  a very  fine  state  of  preservation  and  many 
minute  details  are  discernible.  Only  a few  specimens  of  Echinocaris 
have  been  found  during  the  collecting  extending  over  several  years. 
Only  two  were  found  with  the  abdomen  attached  to  the  carapace. 
Most  of  the  specimens  are  a single  valve  or  a carapace  in  which  the 
valves  are  partly  broken. 

The  writer  feels  greatly  indebted  to  Dr.  I.  P.  Tolmachoff  of  the 
Section  of  Invertebrate  Paleontology  of  the  Carnegie  Museum  for  his 
kind  help  and  criticism  in  connection  with  this  paper. 

DISCUSSION 

The  valves  (cephalothorax)  of  the  Echinocaris , as  a rule,  are  obliquely 
subova  te  with  a straight  hinge-line.  The  abdomen  is  composed  of  six 
segments  which  taper  to  a caudal  plate  (telson)  that  ends  in  three 
spines.  The  appendages,  with  the  exception  of  the  mandibles,  were 
apparently  small  and  delicate,  possibly  similar  to  those  of  ostracods. 
None  of  them  have  been  preserved.  The  chitinous-like  carapace  is 
thin  except  at  the  margins  where  it  is  considerably  thickened.  The 
species  of  Echinocaris  could  not  completely  close  their  valves  since  the 
posterior  half  of  the  body  extended  out  of  the  carapace. 

The  carapace  bears  round  or  oval  nodes  often  with  a tubercle  on 
the  top.  Small,  round  tubercles  may  or  may  not  be  found  on  the  sur- 
face of  the  valves  and  nodes.  The  surface  is  also  often  smooth  or  it 
may  be  partly  or  completely  covered  with  large  or  minute  pits.  An 
examination  of  a broken  test  shows  that  the  tubercles  are  external 
ornamentation;  for  when  the  tegament  is  peeled  off  or  split,  they  are 
seen  not  to  extend  through  the  shell.  The  internal  side  is  sculptured 
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as  well,  but  the  sculpture  does  not  correspond  to  that  of  the  external 
side. 

The  number  of  segments  in  the  body  of  Echinocaris  is  not  known 
exactly.  If  we  accept  the  number  of  twenty-one  segments  as  most 
common  in  the  Crustacea  with  the  abdomen  with  the  caudal  plate  as 
seven  segments,  then,  for  the  cephalothorax  will  remain  fourteen  seg- 
ments. According  to  Milne-Edwards,  if  a full-grown  crustacean 
possessed  less  than  twenty-one  segments  it  would  depend  on  the  ab- 
sence of  a certain  number  of  the  most  posterior  rings  of  the  body. 
Usually  it  is  more  or  less  possible  to  determine  the  number  of  segments 
from  the  number  of  corresponding  paired  appendages,  but  this  is  not 
possible  in  our  Echinocaris  since  only  the  mandible  appendages  have 
been  found. 

In  the  family  Echinocaridae  several  genera  related  more  closely  to 
the  genus  Echinocaris  have  typical  nodes  on  their  carapace.  Echino- 
caris has  often  two  rows  of  nodes  of  three  nodes  each.  The  rows  are 
more  or  less  parallel  to  the  hinge-line.  Aristozoe,  a predecessor  of 
Echinocaris , has  two  rows  of  nodes  of  two  and  three  nodes  each, 
located  anteriorly  and  rather  close  to  the  hinge-line.  The  number  of 
nodes  seems  to  increase  as  the  group  becomes  older.  Although  several 
nodes  could  be  fused  in  one  large  swelling,  even  in  this  case  the  original 
nodes  could  be  traced.  The  number  and  position  of  the  nodes  could 
reflect  the  original  segmentation  of  the  cephalothorax.  Some  of  the 
nodes  could  correspond  to  muscular  attachment,  and  some  may  be 
considered  eye  nodes. 

The  eye  node  was  indicated  by  some  authors  for  different  species 
of  Echinocaris.  Beecher  found  on  E.  punctata  Hall,  near  the  middle 
and  just  anterior  of  the  limiting  or  nuchal  furrow  which  in  Beecher’s 
opinion  separates  cephalic  and  thorax  parts  of  a cephalothorax,  a 
strong,  abruptly  elevated  node  carrying  the  optic  spot,  which  is  usually 
marked  by  a slight  depression  on  the  summit.  On  E.  sociales  Beecher 
he  found  the  node  situated  on  the  lower  side  of  the  largest  node  and 
adjacent  to  the  nuchal  furrow.  In  the  part  of  Beecher’s  report  on  the 
Ceratiocaridae  of  the  Chemung  Group,  dealing  with  the  terminology, 
he  says  that  this  tubercle  (called  node  in  this  paper)  is  a constant 
feature  which  must  have  a special  significance.  Under  the  micro- 
scope he  observed  a sub-circular  depression  near  the  summit  of  the 
node.  In  the  specimens  of  Elymocaris  seliqua  Beecher,  Tropidocaris 
bicarinata  Beecher,  and  T.  interrupta  Beecher,  this  depression  was 
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well  marked.  He  did  not  mention,  however,  anything  about  an  optic 
spot  in  Echinocaris.  In  Hall’s  monograph  on  the  group,  in  which  he 
redescribed  each  species,  the  following  remarks  were  made  in  regard 
to  the  eye  node: 

In  E.  punctata  Hall  a small  node  near  the  nuchal  furrow  is  usually 
slightly  depressed  at  the  top  and  occupies  the  position  of  the  optic 
spot  or  eye.  No  mention  of  an  eye  node  was  made  by  Hall  in  his  first 
description  of  this  species;  E.  Whitfieldi  Clarke — “Close  upon  the 
hinge  are  two  small  tubercles,  the  posterior  of  which  represents 
probably  the  eye  node.”  (Clarke  in  his  description  did  not  define  an 
eye  node);  E.  condylepis  Hall  — “The  posterior  ventral  tubercle  holds 
the  position  of  the  optic  node  of  E.  punctata  Hall”;  E.  socialis  Beecher 
- — No  mention  of  an  eye  node;  E.  sublaevis  Whitfield — “but  it  is 
impossible  to  determine  which  of  them  has  served  as  the  optic  node”; 
E.  pustulosa  Whitfield — No  mention  of  an  eye  node;  E.  multinodosa 
Whitfield — “The  optic  spot  cannot  be  satisfactorily  located.” 

In  creating  his  new  genus  Echinocaris , Whitfield  neither  mentioned 
an  eye  node  nor  described  an  optic  node  in  any  of  his  new  species  of 
Echinocaris. 

All  the  nodes  in  the  specimens  described  by  the  author  in  this  paper, 
especially  those  considered  by  various  authorities  to  be  optic,  were 
examined  under  high-power  magnification  and  no  optic  pit  or  any- 
thing of  an  ocular  nature  could  be  discovered  on  the  tops  of  the  nodes 
with  their  tubercle  which  are  in  an  excellent  state  of  preservation. 
It  seems  that  if  there  was  an  evidence  of  an  optic  spot  it  would  be 
observed  in  these  specimens.  In  E.  turgida  m.,  fig.  5,  the  node  adja- 
cent to  the  lateral  carina  appears  to  be  pitted,  but  this  is  probably 
caused  by  the  breaking  off  of  one  of  the  tubercles.  The  so-called  optic 
node  of  E.  turgida  m.,  fig.  6,  bears  three  tubercles. 

Whitfield  compared  Echinocaris  with  Aristozoe  canadensis  Whitfield 
of  Silurian  age  which  is  very  similar  to  Echinocaris  in  outline  and  like 
the  latter  has  a large  tubercle  in  the  antero-dorsal  angle  which  Whit- 
field suggested  to  be  an  ocular.  In  Beecher’s  opinion  the  node  bearing 
the  eye  tubercle  and  its  optic  spot  is  located  in  Echinocaris  on  the 
posterial  ventral  margin  of  the  cephalic  region.  The  latter  position 
of  the  eye  spot  does  not  seem  natural  to  the  writer.  In  other  groups 
of  the  Phyllocarida  the  eyes  are  located  in  the  anterior  section  of  the 
cephalothorax  as  is  characteristic  for  the  arthropoda  in  general. 
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In  addition  to  the  eye  node,  Beecher  attempted  to  find  out  the 
relation  of  other  nodes  to  the  appendages.  The  large  cephalic  node 
was  considered  to  correspond  to  the  mandibles;  the  anterior  dorsal  one 
corresponds  to  the  first  antennal,  while  the  small  one  just  behind  the 
latter  would  be  the  second  antennal  segment.  The  somewhat  larger 
node  next  to  the  nuchal  furrow  indicates  the  position  of  the  two 
maxillae. 

Beecher  describes  a furrow  on  the  valves  of  the  carapace  which  he 
says  begins  a little  anterior  to  the  middle  of  the  hinge-line,  curving 
outward  and  extending  to  a point  on  the  lower  anterior  margin.  He 
was  of  the  opinion  that  this  furrow  divided  the  cephalic  and  thoracic 
regions.  Hall,  in  his  second  work  on  the  group,  in  which  he  rede- 
scribes all  of  the  known  species  including  Beecher’s  and  his  own, 
called  this  groove  the  nuchal  furrow  and  defines  and  considers  it  in  the 
same  light  as  Beecher.  Whitfield,  in  his  first  descriptions  published 
in  1880  without  plates  and  later  re-published  in  1890  with  plates, 
did  not  mention  anything  as  to  the  nuchal  furrow.  He  said  that  “the 
surface  of  each  valve  is  divided  into  three  slightly  elevated  areas,  with 
depressed  sulci  between;  an  anterior,  a central,  and  a posterior  one.” 
Beecher  and  Hall  in  their  papers  published  in  the  intervening  time, 
both  described  this  furrow.  In  the  Alfred  material  described  in  this 
paper  no  distinct  furrow  could  be  detected  corresponding  to  that 
described  by  Beecher  and  Hall,  especially  in  the  antero-ventral  area, 
but  it  is  possible  to  suggest  furrows  extending  in  several  directions. 
The  most  marked  and  constant  one  extends  from  the  antero-dorsal 
margin  between  the  first  and  second  marginal  nodes  to  a point  a little 
anterior  of  the  middle  of  the  lateral  carina  or  keel  at  which  it  ends. 
This  furrow  is  better  seen  on  left  valves,  figs.  1,  3,  6,  7,  when  light 
is  directed  from  the  upper  left-hand  corner.  It  was  not  until  several 
drawings  were  made  that  the  persistency  of  this  furrow  was  noticed. 
These  furrows  between  the  nodes  are  in  no  way  abrupt  or  definite  in 
structure  but  are  merely  smooth  grooves.  The  more  developed  the 
nodes,  the  more  noticeable  are  the  furrows.  Figure  2,  of  a large  and 
smooth  specimen,  shows  the  low  nodes  distributed  with  more  space 
between  them  than  usual.  Accordingly,  the  furrows  between  the 
nodes  are  very  indistinct.  It  is  the  opinion  of  the  writer  that  there  is 
no  satisfactory  evidence  of  a furrow  separating  the  cephalic  and  tho- 
racic regions  of  the  carapace  in  the  Echinocaris. 
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DESCRIPTION  OF  SPECIES 
Genus  Echinocaris  Whitfield,  1880 
Echinocaris  consanguina  sp.  nov. 

(Plate  III,  figs.  1-4) 

The  valves  are  obliquely  sub-ovate,  the  greatest  width  being  an- 
teriorly or  at  the  center,  with  the  length  related  to  the  width  as  3 to 
2.  The  hinge-line  is  straight  and  is  about  one-half  as  long  as  the  cara- 
pace. The  anterior  margin  curves  gently  from  the  deep  set  hinge- 
line, thus  forming  a broad  and  deep  angle  between  the  valves  when 
they  are  spread  in  the  same  plane.  The  ventral  margin  is  broadly 
rounded  to  the  sharply  curved  posterior  extremity,  which  continues 
nearly  straight  to  the  hinge-line.  The  margin  is  thick,  elevated,  and 
becomes  considerably  thickened  at  the  anterior  ventral  extremity. 

On  the  ventral  area  is  a small  but  conspicuous  ridge  or  carina  which 
begins  anteriorly  and  continues  in  a sigmoid  curve  to  the  posterior 
ventral  area. 

Parallel  to  the  dorsal  margin  in  the  anterior  half  of  the  valve  are 
two  rows  of  nodes  of  three  each.  In  the  first  row  the  small  anterior 
node  is  followed  by  a large  triangular  one.  The  third  node  is  large  and 
transversally  oval.  In  the  second  row  the  most  anterior  large  and 
flattened  node  is  followed  by  a small  but  prominent  one.  The  third 
node  is  oval,  with  the  greatest  length  parallel  to  the  curve  of  the  carina 
to  which  this  node  is  very  close. 

Each  node  bears  a small  but  prominent  tubercle.  Sometimes  there 
is  more  than  one  and  in  this  case  the  tubercles  are  usually  smaller. 
The  posterior  dorsal  area  which  is  somewhat  swollen  is  often  covered 
with  many  round  tubercles.  The  surface  of  the  carapace  is  smooth 
except  the  specimen  shown  in  fig.  2 in  which  the  ventral  area  is 
pitted. 

All  four  specimens,  figs.  1-4,  vary  to  some  degree  from  each  other; 
but  in  outline,  size,  and  general  characters,  they  must  be  considered 
as  belonging  to  the  same  species.  E.  consanguina  m.  resembles  closely 
E.  punctata  Hall  and  E.  condylepis  Hall  but  is  distinguished  from  both 
of  them  by  the  proportions  of  the  various  parts.  Hall,  in  his  descrip- 
tions, calls  E.  condylepis  Hall  a miniature  of  E.  punctata  Hall.  He 
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observed  that  the  general  abbreviation  of  all  dimensions  was  a per- 
sistent character  and  would  serve  to  distinguish  the  two  species. 
E.  consanguina  m.  is  larger  than  E.  condylepis  Hall  but  smaller  than 
E.  punctata  Hall  and  in  general  outline  is  more  oblique.  The  hinge- 
line is  shorter  and  is  more  symmetrically  located  to  both  ends  of  the 
valve  than  in  E.  punctata  Hall  and  E.  condylepis  Hall.  In  connection 
with  these  characters  the  anterior  end  extends  well  beyond  the  hinge- 
line and  thus  forms  a much  deeper  angle  between  the  valves  than  in 
Hall’s  species. 

The  lateral  carina  is  short  and  similar  to  that  in  E.  condylepis  Hall 
and  is  not  as  long  as  in  E.  punctata  Hall.  There  is  no  evidence  of 
a nuchal  furrow  as  defined  by  Beecher  and  Hall.  The  nodes  adjacent 
to  the  carina  in  Hall’s  figures  of  E.  punctata  Hall  and  E.  condylepis 
Hall  do  not  show  a tubercle.  In  E.  consanguina  m.  this  node  was 
found  always  bearing  a tubercle  and  in  some  specimens  more  than  one. 

Echinocaris  turgida  sp.  nov. 

(Plate  III,  figs.  5,  6.) 

The  outline  of  the  valves  is  ovate,  widest  at  the  posterior  end  of 
the  hinge-line,  length  to  width  as  4 to  3.  The  hinge-line  is  a little 
less  than  one-half  the  length  of  the  carapace.  The  anterior  margin 
curves  gently  from  the  hinge-line.  The  ventral  margin  is  slightly 
curved,  almost  straight.  Posterior  margin  is  broadly  rounded.  The 
dorsal  margin  is  slightly  incurved.  The  margins  are  thickened.  In 
one  specimen  a subrhomic  mandible,  without  cusps,  protrudes  in  front 
of  the  carapace. 

The  carina  is  long,  beginning  in  the  anterior  area  of  the  carapace 
and  extending  well  toward  the  posterior  margin.  It  has  the  form  of  a 
well  defined  sigmoid  curve,  often  angular,  and  is  surmounted  with 
elongated  tubercles.  The  typically  situated  nodes  are  irregularly 
round,  oval,  and  triangular  in  shape.  The  most  anterior  node  is  the 
largest  and  is  divided  by  sulci  which  extend  from  the  ventral  side  into 
the  node  about  half  way.  Each  node  bears  from  three  up  to  a score 
or  more  of  small  but  prominent  tubercles. 

The  surface  is  covered  with  rather  large  pits.  A swollen  posterior 
area  between  the  dorsal  line  and  the  carina  is  covered  with  round 
tubercles. 
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Both  specimens,  figs.  5 and  6,  are  similar  in  outline,  ornamentation, 
and  number  of  nodes,  but  the  distribution  of  the  latter  is  somewhat 
different.  In  fig.  5 the  node  in  the  anterior  dorsal  angle  is  round,  while 
in  fig.  6 the  corresponding  round  rather  obscure  node  appears  to  be  a 
part  on  an  elongated  and  well  defined  node.  Anterior  to  this  node  on 
fig.  5 is  seen  a small  and  indistinct  node  not  heretofore  noticed  in 
Echinocaris.  The  central  marginal  node  on  fig.  5 is  oval  with  its  long- 
est axis  forming  an  angle  of  about  45  degrees  with  the  hinge-line. 
In  fig.  6 this  second  marginal  node  has  the  shape  of  an  equilateral 
triangle,  the  base  of  which  is  parallel  and  close  to  the  hinge-line. 
Some  of  the  tubercles  on  this  node  are  elongated.  The  third  node  in 
both  specimens  is  oval  with  the  longest  axis  perpendicular  to  the 
hinge-line. 

The  three  nodes  of  the  second  row  are  in  general  similar  in  both 
specimens.  The  large  anterior  one  is  different,  however,  from  any  one 
so  far  observed  in  the  Echinocaris.  It  is  similar  in  size  to  E.  socialis 
Beecher  and  E.  sublaevis  Whitfield  but  differs  from  both  of  them, 
having  been  divided  by  grooves  or  sulci.  In  fig.  5 this  node  is  rounded 
and  well  defined  ventrally,  but  becomes  obsolete  toward  the  dorsal 
region.  A number  of  sulci  extend  from  the  central  part  toward  the 
ventral  side  of  the  node.  The  same  node  in  fig.  6 is  more  angular  and 
the  sulci  are  parallel  to  each  other.  The  upper  section  of  this  node  is 
covered  with  very  minute  tubercles.  The  large  tubercles  characteristic 
for  this  node  are  more  numerous  in  the  specimen  of  fig.  5 and  extend 
in  rows  parallel  to  the  sulci. 

Echinocaris  turgida  m.  can  be  compared  with  E.  punctata  Hall  and 
E.  condylepis  Hall  as  to  the  general  outline  and  perhaps  the  distribu- 
tion of  the  nodes.  It  is  more  broadly  ovate  than  both  these  species. 
In  the  same  way  E.  turgida  m.  is  different  from  E.  consanguina  m. 
E.  punctata  Hall  is  much  larger  than  E.  turgida  m.  E.  condylepis  Hall 
and  E.  consanguina  m.  are  both  smaller  than  E.  turgida  m.  The 
carina  of  E.  turgida  m.  is  similar  to  that  of  E.  punctata  Hall  but  is 
much  more  angular.  Taking  into  consideration  the  stratigraphical 
position  of  E.  turgida  m.  and  the  Hamilton  E.  punctata  Hall,  it  is 
possible  to  think  that  the  former  species  is  a direct  descendant  of  the 
latter.  On  the  other  hand,  E.  turgida  m.  may  be  only  an  old  age  indi- 
vidual of  E.  condylepis  Hall  or  E.  consanguina  m. 
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Echinocaris  auricula  sp.  nov. 

(Plate  III,  fig.  7) 

This  species  is  represented  by  a well  preserved  left  valve.  It  is 
obliquely  sub-ovate  in  form,  broadly  rounded  posteriorly  and  sub- 
truncate anteriorly.  The  relation  of  the  length  to  the  width  is  3 to  2. 
The  length  of  the  carapace  is  10.5  mm.,  the  width  6.8  mm.,  and  the 
hinge-line  5 mm.  The  hinge-line,  located  anteriorly,  is  shorter  than 
half  of  the  width  of  the  valve. 

The  anterior  margin  curves  abruptly  from  the  hinge-line  and  con- 
tinues in  nearly  a straight  line  to  the  gently  curved  ventral  margin. 
The  anterior  margin  bears  three  tubercles.  The  posterior  margin  is 
regularly  rounded.  The  posterior-dorsal  part  of  the  valve  is  slightly 
concave  and  extends  in  the  form  of  a small  wing.  Six  tubercles  are 
widely  but  uniformly  distributed  on  the  posterior  and  dorsal  margins. 

The  carina  in  the  ventral  area  is  long  and  curved  only  slightly. 
About  one-half  the  distance  between  this  carina  and  the  hinge-line  is 
present  another  short,  curved  carina  bearing  a row  of  elongated  tuber- 
cles. Between  the  latter  carina  and  the  hinge-line  there  is  a third, 
short  carina  connected  with  the  posterior  margin.  It  bears  also  one 
tubercle. 

The  three  nodes  along  the  hinge-line  are  from  round  to  oval  in  out- 
line. They  increase  in  size  from  the  smaller  anterior  to  the  very  large 
posterior  node.  The  three  nodes  of  the  second  row  are  from  round  to 
oval  in  shape,  the  anterior  one  is  rather  large  and  flattened,  the  second 
small  and  acute,  and  the  third  large  and  oval.  All  six  nodes  bear  each 
a single,  round,  acute  tubercle. 

Between  both  anterior  nodes  and  slightly  in  front  of  them  is  located 
a large,  round,  shallow  pit.  There  are  also  two  similar  pits  on  the 
anterior  node  of  the  second  row.  The  surface  of  the  carapace  is  finely 
pitted,  especially  in  the  ventral  region. 

The  general  outline  of  this  species  differs  from  other  Echinocaris 
in  the  shape  of  its  anterior  margin  and  the  wing-like  extension  of  the 
posterior-dorsal  margin.  Peculiar  to  this  species  is  also  the  presence 
of  three  carinae.  The  number  and  distribution  of  the  nodes  is  similar 
to  that  of  E.  punctata  Hall,  E.  condylepis  Hall,  E.  consanguina  m., 
and  E.  turgida  m.  Two  large  carinae  and  the  tubercles  along  the  mar- 
gins remind  one  of  E.  socialis  Beecher. 
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EXPLANATION  OF  PLATE  III 
Figures  magnified  3 times. 

Figs.  1—4.  Echinocaris  consanguina  sp.  nov.  Numbers  7222-7225. 

Figs.  5,  6.  Echinocaris  turgida  sp.  nov.  Numbers  7226,  7227. 

Fig.  7.  Echinocaris  auricula  sp.  nov.  Number  7228. 

All  specimens  are  in  the  Carnegie  Museum,  Section  of  Invertebrate  Paleon- 
tology. 

The  above  numbers  refer  to  the  catalogue  of  Invertebrate  fossils  of  Carnegie 
Museum. 
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ART.  IX.  FOSSIL  PLANTS  FROM  SUCKER  CREEK,  IDAHO 
By  Betty  Watt  Brooks* 

INTRODUCTION 

The  material  described  in  the  present  paper  comprises  several 
hundred  specimens  of  leaf  impressions  collected  by  Mr.  Horton  C. 
Hinshaw  in  1923,  on  the  Sam  Ballantyne  Ranch,  about  thirteen  miles 
southwest  of  Homedale,  Idaho,  in  the  Sucker  Creek  Valley.  The 
Sam  Ballantyne  Ranch  is  in  Section  27,  Township  23  south,  Range  45 
east,  Willamette  meridian,  Malheur  County,  Oregon.  According  to 
Mr.  Hinshaw,  part  of  the  ranch  is  in  Idaho  and  part  in  Oregon,  and  his 
collections  were  made  along  Sucker  Creek,  near  the  Idaho-Oregon  line. 

The  identification  of  the  fossil  plants  from  Sucker  Creek  deposited 
in  the  Carnegie  Museum  was  begun  under  the  direction  of  Dr.  O.  E. 
Jennings,  but  a visit  to  the  United  States  National  Museum  afforded 
me  the  opportunity  to  include  in  this  study  a few  additional  species  in 
the  collections  there.  Grateful  acknowledgment  is  hereby  made  to 
Dr.  Alexander  Wetmore  for  the  many  favors  shown  me  by  the  United 
States  National  Museum,  and  to  Dr.  Roland  W.  Brown,  of  the  United 
States  Geological  Survey,  through  whose  courtesy  I was  permitted  to 
examine  the  types  and  to  record  the  additional  forms  from  the  Sucker 
Creek  locality  not  contained  in  the  Carnegie  Museum  collection;  also 
for  the  many  helpful  suggestions  that  he  so  generously  gave  in  regard 
to  the  correct  allocation  of  the  species.  The  writer  is  also  greatly 
indebted  to  her  husband,  Dr.  Stanley  T.  Brooks,  for  making  the 
photographs  used  in  this  paper. 

The  matrix  in  which  the  plant  fossils  have  been  preserved  is  a gray- 
ish-brown, highly  indurated,  fine-grained  sandstone  or  highly  indurated 
siliceous  clay,  both  of  which  probably  took  their  origin  from  volcanic 
material.  Although  the  Sucker  Creek  valley  that  supplied  the  fossils 
lies  within  the  so-called  Payette  area  of  outcrops,  I do  not  feel  qualified 
to  make  any  statement  in  regard  to  the  stratigraphic  position  of  these 
beds. 

*The  author  wishes  to  acknowledge  aid  during  the  preparation  of  this  paper 
by  a grant  from  the  American  Association  for  the  Advancement  of  Science. 
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LIST  OF  SYNONYMS 

Acer  bendirei  Lesquereux.  Proc.  U.  S.  Nat.  Mus.,  vol.  n,  p.  14,  pi.  5,  fig.  5;  pi. 

6,  fig.  1;  pi.  7,  fig.  1,  1888  = Platanus  dissecta  Lesquereux;  pi.  8,  fig.  1 = Acer 
chaney i Knowlton. 

Acer  trilobatum  productum  (A.  Braun)  Heer.  Lesquereux,  U.  S.  Geol.  Surv.  Terr., 
Rept.,  vol.  8,  p.  253,  pi.  59,  figs.  1-4,  188 3 = Platanus  dissecta  Lesquereux. 

Betula  fairii  Knowlton  = Betula  heteromorpha  Knowlton. 

Betula  nanoides  Knowlton  = Betula  heteromorpha  Knowlton. 

Castanea  orientalis  Chaney  = Castanopsis  consimilis  (Newberry)  Brooks,  new  comb. 
Celtis  hesperius  Berry  = Platanus  dissecta  Lesquereux. 

Glyptostrobus  europceus  (Brongniart)  Heer.  Lesquereux,  U.  S.  Geol.  Surv.  Terr., 

7,  p.  74,  pi.  7,  figs.  1,  2,  1878;  Newberry,  U.  S.  Geol.  Surv.,  Mon.  35,  p.  24,  pi. 
26,  figs.  6-8a;  pi.  55,  figs.  3,  4,  1898  = Glyptostrobus  linguoefolia  (Lesquereux) 
Brooks,  new  comb. 

Odostemon  simplex  (Newberry)  Cockerell.  Berry,  U.  S.  Geol.  Surv.,  Prof.  Paper 
185,  p.  112,  pi.  23,  fig.  2,  (not  figure  1)  1934  = Quercus  browni  Brooks,  n.  sp. 
Platanus  aspera  Newberry.  U.  S.  Geol.  Surv.,  Mon.  35,  p.  102,  pi.  42,  figs.  1-3  = 
Platanus  dissecta  Lesquereux;  pi.  44,  fig.  5;  pi.  59,  fig.  3,  1898=  Tilia  hesperia 
Berry. 

Populus  occidentalis  Knowlton  = Populus  eotremuloides  Knowlton. 

Quercus,  unnamed  leaf.  Berry,  U.  S.  Geol.  Surv.,  Prof.  Paper  154,  pi.  52,  fig.  8, 
1929  = Castanopsis  consimilis  (Newberry)  Brooks,  new  comb. 

Quercus  berryi  Trelease  ( Quercus  breweri  Lesquereux.  U.  S.  Geol.  Surv.  Terr., 
Rept.,  vol.  8,  p.  246,  pi.  54,  figs.  5-8  (not  figure  9)  1883)  = Castanopsis  consimilis 
(Newberry)  Brooks,  new  comb. 

Quercus  consimilis  Newberry  = Castanopsis  consimilis  (Newberry)  Brooks,  new 
comb. 

Quercus  convexa  Lesquereux  = Castanopsis  convexa  (Lesquereux)  Brooks,  new  comb. 

Quercus  drymeja  Unger.  Lesquereux,  U.  S.  Geol.  Surv.  Terr.,  Rept.,  vol.  8,  p.  245, 
pi.  54,  fig.  4,  188 3 = Castanopsis  consimilis  (Newberry)  Brooks,  new  comb. 

Quercus  idahoensis  Knowlton  = Castanopsis  consimilis  (Newberry)  Brooks,  new 
comb. 

Quercus  perplexa  (Knowlton)  Berry  = Castanopsis  convexa  (Lesquereux)  Brooks, 
new  comb. 

Quercus  simplex  Newberry  = Castanopsis  convexa  (Lesquereux)  Brooks,  new  comb. 
Quercus  simulata  Knowlton  = Castanopsis  convexa  (Lesquereux)  Brooks,  new  comb. 

Quercus  simulata  Knowlton.  Berry,  U.  S.  Geol.  Surv.,  Prof.  Paper  185,  p.  109, 
pi.  20,  fig.  6,  1934  = Castanopsis  consimilis  (Newberry)  Brooks,  new  comb. 

Sabina  linguoefolia  (Lesquereux)  Cockerell  = Glyptostrobus  linguoefolia  (Lesquereux) 
Brooks,  new  comb. 
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Salix  sp.  Knowlton,  U.  S.  Geol.  Surv.,  Prof.  Paper  140,  p.  33,  pi.  12,  fig.  3,  1926  = 
Castanopsis  convexa  (Lesquereux)  Brooks,  new  comb. 

Salix  dayana  Knowlton.  U.  S.  Geol.  Surv.,  Bull.  204,  p.  31,  pi.  2,  fig.  9,  (not  figure 
10  which  remains  Umbellularia  dayana)  1902  = Castanopsis  convexa  (Lesquereux) 
Brooks,  new  comb. 

Salix  elongata  Knowlton  (not  Weber)  = Castanopsis  convexa  (Lesquereux)  Brooks, 
new  comb. 

Salix  perplexa  Knowlton  = Castanopsis  convexa  (Lesquereux)  Brooks,  new  comb. 

Salix  pseudo-ar gentea  Knowlton  = Castanopsis  convexa  (Lesquereux)  Brooks,  new 
comb. 

Widdringtonia  lingucefolia  Lesquereux  = Glyptostrobus  lingucejolia  (Lesquereux) 
Brooks,  new  comb. 


THE  RECOGNIZABLE  SPECIES  OF  SUCKER  CREEK 

Pinus  sp.,  leaves  and  stem. 

Pinus  sp.,  scales  of  cones. 

Glyptostrobus  lingucefolia  (Lesquereux)  Brooks,  new  comb. 

Populus  eotremuloides  Knowlton. 

Betula  heteromorpha  Knowlton. 

Betula  largei  Knowlton. 

Alnus  carpinoides  Lesquereux. 

Fagus  pacijica  Chaney. 

Castanopsis  consimilis  (Newberry)  Brooks,  new  comb. 

Castanopsis  convexa  (Lesquereux)  Brooks,  new  comb. 

Lithocarpus  predensi flora  Brooks,  n.  sp. 

Quercus  browni  Brooks,  n.  sp. 

Quercus  cognatus  Knowlton. 

Quercus  precoccinea  Brooks,  n.  sp. 

Quercus  traini  MacGinitie. 

Odostemon  simplex  (Newberry)  Cockerell. 

Platanus  dissecta  Lesquereux. 

Prunus  coveus  Chaney. 

Meibomites,  cf.  M.  lucens  Knowlton. 

Sapindus  oregonianus  Knowlton. 

Acer  chaneyi  Knowlton. 

Acer,  cf.  A.  negundoides  MacGinitie. 

Acer  osmonti  Knowlton. 

Sassafras  hesperia  Berry. 

Umbellularia  oregonensis  Chaney. 

Cornus  ovalis  Lesquereux. 

Arbutus  traini  MacGinitie. 

Nyssa,  cf.  N.  knowltoni  Berry. 
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BIOLOGICAL  AND  ECOLOGICAL  CONSIDERATIONS 


The  flora  from  the  rocks  in  Sucker  Creek  valley  is  rather  modern 
in  aspect,  having  many  species  that  resemble  those  now  living  in  the 
same  or  adjoining  regions.  Although  the  Gymnosperms  are  represented 
by  both  Pinus  and  Glyptostrobus,  they  can  hardly  be  considered,  in  the 
light  of  the  fossil  evidence,  as  forming  a very  conspicuous  element  in 
the  flora.  The  deciduous-leaved  vegetation,  on  the  other  hand,  pre- 
dominates to  a marked  degree.  The  genus  Castanopsis,  which  has 
been  definitely  identified,  is  the  genus  that  contributes  the  greatest 
number  of  individual  specimens.  This  genus,  together  with  other  hard- 
wood representatives,  such  as  Quercus , Betula,  Acer,  Alnns,  etc., 
causes  the  flora  of  this  region  to  have  about  the  same  general  appear- 
ance as  the  floras  that  occur  in  the  Mascall  and  Trout  Creek  deposits 
of  Oregon.  In  general,  we  may  say  that  the  plants  show  a commin- 
gling of  xerophytic  and  mesophytic  types. 

The  following  lists  show  a division  of  the  species  under  these  types, 
together  with  their  nearest  living  equivalents. 


XEROPHYTIC  TYPES 


Fossil  species: 

Pinus  sp. 

Populus  eotremuloides  Knowlton 
Fagus  pacifica  Chaney 


Castanopsis  consimilis  (Newberry) 
Brooks 


Living  species: 

Pinus  ponderosa  Lawson 
Populus  trichocarpa  Hooker 
Fagus  grandifolia  Ehrhart 
Castanopsis  far gesii  Franchet 


Castanopsis  convexa  (Lesquereux) 
Brooks 


Castanopsis  sempervirens  (Kellogg) 


Dudley  and  Castanopsis  chry- 


Quercus  browni  Brooks 
Quercus  precoccinea  Brooks 
Quercus  traini  MacGinitie 
Odostemon  simplex  (Newberry) 


sophylla  De  Candolle 
Quercus  chrysolepis  Liebmann 
Quercus  coccinea  Muenchhausen 
Quercus  chrysolepis  Liebmann 
Odostemon  nervosus  Rydberg 


Cockerell 

Sassafras  hesperia  Berry 


Sassafras  officinale  Nees  and  Eber- 


Umbellularia  oregonensis  Chaney 
Arbutus  traini  MacGinitie 


maier 

Umbellularia  calif ornica  Nuttall 
Arbutus  menziesii  Pursh 


MESOPHYTIC  TYPES 


Fossil  species: 

Glyptostrobus  lingueefolia  (Les- 
quereux) Brooks 


Living  species: 

Glyptostrobus  heterophyllus  Endlicher 
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Betula  heteromorpha  Knowlton 
Betula  largei  Knowlton 
Alnus  carpinoides  Lesquereux 
Lithocarpus  predensi flora  Brooks 

Quercus  cognatus  Knowlton 
Platanus  dissecta  Lesquereux 
Prunus  coveus  Chaney 
Meibomites,  cf.  M.  lucens  Knowlton 

Sapindus  oregonianus  Knowlton 
Acer  chaneyi  Knowlton 
Acer,  cf.  A.  negundoides  MacGinitie 
Acer  osmonti  Knowlton 
Cornus  ovalis  Lesquereux 
Nyssa,  cf.  N.  knowltoni  Berry 

The  following  genera  are  no  longer  represented  in  the  existing  flora 
of  western  North  America,  but  are  confined  to  eastern  Asia  or  to 
eastern  North  America: 

Glyptostrobus 

Sapindus 

Sassafras 

Nyssa 

Fagus 

The  Sucker  Creek  flora  indicates  a cool,  temperate  climate  very 
similar  to  that  of  the  coastal  mountains  of  the  western  states. 

AGE  OF  THE  FLORA 

The  chart  on  page  280  gives  the  outside  distribution  of  the  Sucker 
Creek  forms.  It  shows  11  species  in  common  with  the  Bridge  Creek 
flora,  but  lacks  Sequoia ; 11  species  in  common  with  the  Latah;  12 
in  common  with  the  Mascall  and  Trout  Creek  floras;  5 in  common 
with  the  Eagle  Creek  flora;  3 in  common  with  the  Auriferous  Gravel 
floras  of  California;  and  2 and  1 in  common,  respectively,  with  the 
floras  of  Florissant,  Colorado,  and  Missoula,  Montana.  The  pre- 
ponderance of  Mascall,  Trout  Creek,  Latah,  and  Bridge  Creek  species 
must  be  considered  as  having  a significant  bearing  on  the  age  of  this 
collection.  Knowlton1  believed  that  the  age  of  the  Mascall  and  Latah 

knowlton,  F.  H.,  The  Flora  of  the  Latah  Formation:  U.  S.  Geol.  Surv.,  Prof. 
Paper  140,  p.  21,  1926. 


Betula  occidentalis  Hooker 
Betula  luminifera  Winkler 
Alnus  oblongifolia  Torrey 
Lithocarpus  densiflora  (Hooker  and 
Arnott)  Oersted 
Quercus  lyrata  Walter 
Platanus  racemosa  Nuttall 
Prunus  emarginata  Walpers 
Meibomia  arenicola  Vail  and  Meibomia 
ochroleuca  (Curtis)  Kuntze 
Sapindus  marginatus  Willdenow 
Acer  saccharinum  Linnaeus 
Acer  negundo  Linnaeus 
Acer  glabrum  Torrey 
Cornus  nuttallii  Audubon 
Nyssa  aquatica  Marshall 
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formations  was  very  definitely  fixed  as  middle  Miocene;  and  he 
referred  to  the  Bridge  Creek  shales  as  being  Miocene  in  age  rather  than 
upper  Oligocene.2  More  recently,  Berry3  stated  his  belief  that  both  the 
Mascall  and  Latah  formations  are  upper  Miocene.  For  these  reasons, 
I am  inclined  to  consider  the  Sucker  Creek  flora  as  not  older  than 
middle  Miocene,  and  in  all  probability  of  upper  Miocene  age. 


DISTRIBUTION  OF  THE  SUCKER  CREEK  FLORA 


Latah,  Wash. 

Bridge  Creek, 
Ore. 

Mascall,  Ore. 

Trout  Creek, 

Ore. 

Eagle  Creek, 

Ore.  & Wash. 

Florissant, 

Colo. 

Missoula, 

Mont. 

Auriferous 

Gravels,  Cal. 

Pinus  sp.  (3-needled  fascicles) . . 

X? 

Glyptostrobus  linguoefolia 

X 

X 

X 

X 

Populus  eotremuloides 

Betula  heteromorpha 

X 

X 

X 

Betula  largei 

X 

X? 

Alnus  carpinoides 

X 

X? 

X 

X 

Fagus  pacifica 

X 

Castanopsis  consimilis 

X 

X 

X 

X 

X 

Castanopsis  convexa 

X 

X 

X 

X 

X 

X 

Quercus  cognatus 

X 

Quercus  traini 

X 

Odostemon  simplex 

X 

X 

X 

Platanus  dissecta 

X 

X 

X 

X 

X 

X 

Prunus  coveus 

X 

Meibomites  sp.  (cf.  M.  lucens ) . . 

X 

Sapindus  oregonianus 

X 

X? 

Acer  chaneyi 

X 

X 

X 

Acer  sp.  (cf.  A.  negundoides ) . . . 

X 

X 

X 

Acer  osmonti 

X 

X 

X 

X 

Sassafras  hesperia 

Umbellularia  oregonensis 

X 

Cornus  ovalis 

X 

X 

X 

Arbutus  traini 

X 

Nyssa  sp.  (cf . N.  knowltoni ) .... 

X 

II 

II 

12 

12 

5 

2 

1 

3 

2Chaney,  R.  W.,  Geology  and  Paleontology  of  the  Crooked  River  Basin: 
Carn.  Inst.  Wash.,  Pub.  No.  346,  p.  97,  1927. 

3Berry,  E.  W.,  A Revision  of  the  Flora  of  the  Latah  Formation:  U.  S.  Geol. 
Surv.,  Prof.  Paper  154,  p.  235,  1929. 
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SYSTEMATIC  DESCRIPTIONS 
PINACE^E 

Pinus  sp.  Leaves  and  stem 
Plate  IV,  figs.  2,  3 

In  the  Sucker  Creek  collection  there  are  several  fragments  of  leaves 
and  stems  which  belong  to  the  genus  Pinus.  These  portions  would 
hardly  merit  being  assigned  to  a definite  species,  but  I mention  them 
to  call  attention  to  the  occurrence  of  Pinus  in  this  locality.  The 
leaves  represented  appear  to  be  in  three-needled  fascicles. 

Occurrence:  The  Ballantyne  Ranch,  about  thirteen  miles  south- 
west of  Homedale,  Idaho,  in  the  Sucker  Creek  valley. 

Collection:  The  Carnegie  Museum  Collection  Nos.  39,  41,  43. 


Pinus  sp.  Scales  of  cones 
Plate  IV,  figs.  1,  4,  5 

These  fragmentary  specimens  are  the  large,  rough  and  wrinkled, 
cone-scales  of  Pinus.  I believe  that  they  approach  very  closely  to  the 
cone-scales  of  Pinus  ponder osa  Lawson,  and  the  leaves  described  above 
might  well  belong  to  the  same  species.  I figure  them  as  a matter  of 
record. 

Occurrence:  The  Ballantyne  Ranch,  about  thirteen  miles  southwest 
of  Homedale,  Idaho,  in  the  Sucker  Creek  valley. 

Collection:  The  Carnegie  Museum  Collection  Nos.  59,  62,  237. 


Glyptostrobus  linguaefolia  (Lesquereux)  Brooks,  new  comb. 

Plate  IV,  fig.  6 

Glyptostrobus  europceus  (Brongniart)  Heer.  Lesquereux,  U.  S.  Geol.  Surv.  Terr., 
7,  p.  74,  pi.  7,  figs.  1,  2,  1878;  Newberry,  U.  S.  Geol.  Surv.,  Mon.  35,  p.  24,  pi. 
26,  figs.  6-8a;  pi.  55,  figs.  3,  4,  1898. 

Widdringtonia  linguaefolia  Lesquereux,  U.  S.  Geol.  Surv.  Terr.,  8,  p.  139,  pi.  21, 
figs.  14,  14a,  1883. 

Sabina  linguaefolia  (Lesquereux)  Cockerell,  Univ.  Colo.  Studies,  vol.  3,  p.  175, 
1906;  Knowlton,  Proc.  U.  S.  Nat.  Mus.,  vol.  51,  p.  249,  pi.  14,  1916;  Jennings, 
Mem.  Carn.  Mus.,  vol.  8,  No.  2,  p.  404,  pi.  23,  fig.  2,  1920. 
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When  Lesquereux  described  his  new  species,  Widdringtonia  lin- 
gucefolia,  from  the  Florissant  lake  beds,  he  placed  the  specimens  which 
had  previously  been  referred  by  him  to  Glyptostrobus  europceus  (Bro- 
ngniart)  Heer,  into  synonymy.  He  regarded  the  deep,  oval  im- 
pressions sometimes  associated  with  these  leafy  twigs  as  the  crushed 
cones  of  Glyptostrobus.  Unfortunately,  in  the  absence  of  fruiting 
structures,  it  is  easy  to  confuse  the  leafy  twigs  of  Glyptostrobus  with 
those  of  Juniperus , Widdringtonia , and  Sequoia.  Cockerell  noted  the 
likeness  between  the  twigs  described  by  Lesquereux  and  those  of 
Juniperus  {Sabina),  and  made  the  new  combination,  Sabina  lin- 
gucefolia  (Lesquereux)  Cockerell.  Jennings  later  referred  one  of  his 
specimens  from  western  Montana  to  this  same  species.  However, 
a specimen  in  the  United  States  National  Museum  from  the  Sucker 
Creek  locality  is  represented  not  only  by  foliage,  but  also  by  the 
unmistakable  cones  of  Glyptostrobus.  With  this  evidence  at  hand,  I 
feel  confident  in  making  this  new  combination,  using  Lesquereux’s 
name,  lingucefolia , as  the  species  name.  Since  the  identification  of 
the  American  specimens  with  the  European  species  is  not  positive,  I 
do  not  use  the  name  europceus. 

Occurrence:  The  Ballantyne  Ranch,  about  thirteen  miles  southwest 
of  Homedale,  Idaho,  in  the  Sucker  Creek  valley. 

Collection:  The  Carnegie  Museum  Collection  No.  74. 


SALICACEiE 

Populus  eotremuloides  Knowlton 

Populus  eotremuloides  Knowlton,  U.  S.  Geol.  Surv.,  Eighteenth  Ann.  Rept.,  pt. 

3-  P-  725-  ph  100,  figs.  1,  2;  pi.  101,  figs.  1,  2,  1898. 

Populus  occidentalis  Knowlton,  op.  cit.,  p.  727,  pi.  99,  fig.  14,  1898. 

Knowlton  pointed  out  the  close  relationship  of  this  fossil  species 
with  the  living  Populus  tremuloides  Michaux,  and  it  was  because  of  the 
evident  similarity  that  he  gave  it  the  specific  name  eotremuloides.  The 
type  of  this  species  came  from  the  Payette  formation  near  Marsh 
post  office,  Boise  County,  Idaho.  The  other  species,  P.  occidentalis , 
described  by  Knowlton  from  the  same  locality  as  P.  eotremuloides, 
and  based  upon  a single  fragmentary  specimen,  differs  so  slightly  from 
the  other  specimens  that  there  can  be  no  doubt  of  its  identity  with  the 
first  named  species.  There  is  a striking  resemblance  between  P. 
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eotremuloides,  and  the  living  P.  trichocarpa  Hooker,  of  California. 

Occurrence:  The  Ballantyne  Ranch,  Section  27,  Township  23  south, 
Range  45  east,  Willamette  meridian,  Malheur  County,  Oregon. 

Collection:  United  States  National  Museum  Collection. 

BETULACE^E 

Betula  heteromorpha  Knowlton 
Plate  V,  figs.  1,  2,  3 

Betula  heteromorpha  Knowlton,  U.  S.  Geol.  Surv.,  Bull.  204,  p.  39,  pi.  3,  figs.  6,  7; 

pi.  5,  fig.  1,  1902;  U.  S.  Geol.  Surv.,  Prof.  Paper  140,  p.  34,  pi.  17,  figs.  5,  6,  1926. 

Chaney,  Walker  Mus.  Contr.,  vol.  2,  No.  5,  p.  165,  1920. 

Betula  bryani  Knowlton,  U.  S.  Geol.  Surv.,  Prof.  Paper  140,  p.  34,  pi.  18,  fig.  1, 

1926. 

Betula  thor  Knowlton,  idem,  p.  35,  pi.  17,  fig.  3,  1926. 

Betula  fair ii  Knowlton,  idem,  p.  33,  pi.  17,  fig.  4,  1926. 

Betula  nanoides  Knowlton,  idem,  p.  34,  pi.  18,  fig.  2,  1926. 

This  species  is  represented  in  the  material  from  Sucker  Creek  by 
four  specimens  which  show  the  same  range  of  variation  in  size,  shape, 
and  marginal  characters  as  was  illustrated  and  described  by  Knowlton 
for  the  type.  It  includes  forms  which  were  earlier  described  by  New- 
berry as  Populus  polymorpha ,4  as  well  as  the  other  species  of  Betula 
represented  in  the  above  citations.  In  the  Revision  of  the  Flora  of 
the  Latah  Formation , Berry  has  placed  two  of  Knowlton’s  earlier 
species,  thor  and  bryani , into  synonymy  with  Betula  heteromorpha , 
and  suggests  that  fairii  and  nanoides  may  both  represent  merely  small 
leaves  of  this  same  species.  Though  not  finding  any  adequate  char- 
acter which  would  separate  them,  Berry  has,  however,  kept  them  dis- 
tinct. The  fact  that  all  of  the  variations  represented  by  the  above 
named  species  of  Betula  can  be  matched  among  leaves  of  the  living 
Betula  occidentalis  Hooker,  which  inhabits  the  borders  of  streams  of 
Montana,  Idaho,  Washington,  and  British  Columbia,  leads  me  to 
propose  a union  of  all  of  these  species  with  Knowlton’s  polymorphous 
species,  Betula  heteromorpha. 

Occurrence:  The  Ballantyne  Ranch,  about  thirteen  miles  southwest 
of  Homedale,  Idaho,  in  the  Sucker  Creek  valley. 

Collection:  The  Carnegie  Museum  Collection  Nos.  81,  iji , 224, 
and  260. 

4Newberry,  J.  S.,  Proc.  U.  S.  Nat.  Mus.,  vol.  5,  p.  506,  1883;  U.  S.  Geol. 
Surv.,  Mon.  35,  p.  50,  pi.  46,  fig.  3;  pi.  47,  figs.  4,  8;  pi.  49,  fig.  4,  1898. 
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Betula  largei  Knowlton 
Plate  V,  figs.  4,  5;  Plate  VI,  fig.  1 

Betula  ? largei  Knowlton,  U.  S.  Geol.  Surv.,  Prof.  Paper  140,  p.  34,  pi.  17,  figs. 

1,  2,  1926;  Berry,  E.  W.,  U.  S.  Geol.  Surv.,  Prof.  Paper  154,  p.  244,  pi.  50,  fig. 

12,  1929. 

When  Knowlton  described  this  species  from  the  Latah  formation 
at  Spokane,  Washington,  he  was  uncertain  as  to  the  generic  reference, 
but  noted  the  resemblance  these  leaves  had  to  certain  living  leaves  of 
Alnus  and  Corylus.  Since. then,  however,  new  specimens  from  the  same 
locality  provided  sufficient  evidence  to  substantiate  its  reference  to 
Betula  by  Berry,  who  pointed  out  the  close  resemblance  of  this  species 
to  the  existing  Betula  luminijera  Winkler  from  central  China.  The 
writer  compared  the  leaves  from  Sucker  Creek  with  specimens  of  this 
Chinese  Betula  in  the  United  States  National  Museum  and  found 
the  same  striking  similarity  between  these  two  species  that  was 
indicated  by  Berry  for  the  specimens  from  the  Latah  formation. 

Occurrence:  The  Ballantyne  Ranch,  about  thirteen  miles  southwest 
of  Homedale,  Idaho,  in  the  Sucker  Creek  valley. 

Collection:  The  Carnegie  Museum  Collection  Nos.  4 , 75,  86,  224, 
and  246. 

Alnus  carpinoides  Lesquereux 

Alnus  carpinoides  Lesquereux,  Rept.  U.  S.  Geol.  Surv.  Terr.,  vol.  8,  p.  243,  pi.  50, 

fig.  11 ; pi.  51,  figs.  4,  4a,  5,  1883. 

This  species,  described  by  Lesquereux  from  Bridge  Creek,  Oregon, 
is  represented  among  the  plants  from  Sucker  Creek  by  only  a single 
specimen.  This  leaf,  now  in  the  collection  of  the  United  States 
National  Museum,  agrees  with  those  figured  in  Lesquereux’s  paper. 
Additional  collections  may  bring  to  light  more  specimens,  but  for  the 
present,  at  least,  Alnus  carpinoides  will  apparently  have  to  be  re- 
garded as  an  uncommon  member  of  the  flora  at  this  particular  locality. 
Chaney,5  however,  found  it  one  of  the  most  abundant  species  of  the 
Bridge  Creek  flora  at  all  localities. 

Occurrence:  The  Ballantyne  Ranch,  Section  27,  Township  23  south, 
Range  45  east,  Willamette  meridian,  Malheur  County,  Oregon. 

Collection:  United  States  National  Museum  Collection. 


5Chaney,  R.  W.,  Carn.  Inst.  Wash.,  Pub.  No.  346,  p.  108,  1927. 


1935  Brooks:  Fossil  Plants  from  Sucker  Creek,  Idaho  285 

FAGACE.E 

Fagus  pacifica  Chaney 
Plate  VI,  figs.  3,  4 

Fagus  pacifica  Chaney,  Carn.  Inst.  Wash.,  Pub.  No.  346,  p.  108,  pi.  10,  figs.  6-9, 

1927. 

There  are  three  specimens  of  this  species  in  the  Sucker  Creek  col- 
lection. Chaney  described  it  from  Post,  Oregon,  in  the  Crooked  River 
Basin,  and  at  that  time  referred  to  it  as  representing  one  of  the  few 
authentic  fossil  species  of  Fagus  from  the  Tertiary,  the  majority  of 
species  previously  described  having  been  based  on  very  fragmentary 
materials.  It  seems  closely  related  to  the  living  beech,  Fagus  grandi- 
folia  Ehrhart. 

Occurrence:  The  Ballantyne  Ranch,  about  thirteen  miles  southwest 
of  Homedale,  Idaho,  in  the  Sucker  Creek  valley. 

Collection:  The  Carnegie  Museum  Collection  Nos.  12,  234,  and  231. 


Castanopsis  consimilis  (Newberry)  Brooks,  new  comb. 

Plate  VI,  fig  2;  Plate  VII,  figs.  3,  4;  Plate  VIII,  figs.  1-5;  Plate  IX, 
figs.  4,  5;  Plate  X,  figs.  4,  6;  Plate  XVII,  fig.  1;  Plate  XX,  fig.  5 

Quercus  consimilis  Newberry,  Proc.  U.  S.  Nat.  Mus.,  vol.  4,  p.  505,  1883;  U.S. 
Geol.  Surv.,  Mon.  35,  p.  71,  pi.  43,  figs.  2-5,  7-10,  1898;  Knowlton,  F.  H.,  U.  S. 
Geol.  Surv.,  18th  Ann.  Rept.  pt.  3,  p.  729,  pi.  102,  fig.  6,  1898;  Chaney,  R.  W., 
Carn.  Inst.  Wash.,  Pub.  346,  p.  112,  1927;  MacGinitie,  H.  D.,  Carn.  Inst.  Wash., 
Pub.  416,  p.  52,  pi.  5,  fig.  5,  1933. 

Quercus  drymeja  Unger.  Lesquereux,  U.  S.  Geol.  Surv.  Terr.,  Rept.,  vol.  8,  p.  245, 
pi.  54,  fig.  4,  1883;  Knowlton,  U.  S.  Geol.  Surv.,  Bull.  204,  p.  44,  1902. 

Quercus  idahoensis  Knowlton,  U.  S.  Geol.  Surv.,  18th  Ann.  Rept.,  pt.  3,  p.  729,  pi. 
102,  fig.  4,  1898. 

Quercus  berryi  Trelease,  Mem.  Brooklyn  Bot.  Gard.,  vol.  1,  p.  499,  1918.  ( Quercus 

breweri  Lesquereux,  U.  S.  Geol.  Surv.  Terr.,  Rept.,  vol.  8,  p.  246,  pi.  54,  figs. 
5-8,  1883,  but  not  fig.  9,  which  is  Quercus  clarnensis  Trelease.  See  Chaney, 
R.  W.,  Carn.  Inst.  Wash.,  Pub.  346,  p.  hi,  1927,  See  also,  Knowlton,  F.  H., 
U.  S.  Geol.  Surv.,  Bull.  204,  pp.  45,  46,  1902.) 

Castanea  orientalis  Chaney,  Carn.  Inst.  Wash.,  Pub.  346,  p.  no,  pi.  12,  figs.  1,  4, 
1927. 

Quercus,  unnamed  leaf.  Berry,  E.  W.,  U.  S.  Geol.  Surv.,  Prof.  Paper  154,  pi.  52, 
fig.  8,  1929. 

Quercus  simulata  Knowlton.  Berry,  E.  W.,  U.  S.  Geol.  Surv.,  Prof.  Paper  185,  p. 
109,  pi.  20,  fig.  6,  1934. 
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This  species  furnishes  the  largest  number  of  specimens  in  the  collec- 
tion from  Sucker  Creek,  and  from  this  large  number  it  is  possible  to 
arrange  a series  which  demonstrates  that  the  members  of  the  synonymy, 
previously  regarded  as  distinct,  may  be,  in  fact,  variant  examples  of 
one  polymorphous  species. 

There  is  much  in  common  to  the  generic  characters  of  Quercus, 
Castanea,  and  Castanopsis,  and  it  is  difficult  to  single  out  any  char- 
acter that  is  sufficiently  diagnostic  to  serve  as  the  basis  of  their 
separation.  The  shape,  together  with  the  primary  and  secondary 
venation,  is  suggestive,  but  it  is  apparent  that  the  Quercus  consimilis 
type  of  leaf  is  one  of  the  common  leaf-types  of  the  family,  and  can  be 
duplicated  easily  among  living  representatives  of  alb  three  genera. 
Compare,  for  example,  the  leaves  of  the  following  Asiatic  species: 
Castanopsis  fargesii  Franchet  or  Castanopsis  concolor  Rehder,  Quercus 
myrsinifolia  Blume,  and  Castanea  henryi  Rehder. 

Chaney  in  1927,  pointed  out  that  the  strong  tertiary  vein  near  the 
margin  of  Castanea  and  Castanopsis  leaves  would  serve  as  a basis  to 
distinguish  them  from  both  Fagus  and  the  chestnut-leaved  species  of 
Quercus.  Critical  examination,  however,  proves  this  character  to  be 
unreliable  since  this  same  vein  may  be  present  in  both  Fagus  and 
Quercus , although  it  is  usually  weaker  and  departs  from  the  secondary 
at  a smaller  angle  of  divergence  than  it  does  in  either  Castanea  or 
Castanopsis.  However,  on  the  basis  of  this  character,  the  writer  was 
inclined  to  refer,  at  least  tentatively,  all  the  fossil  leaves  to  the 
Castanea- Castanopsis  side  of  the  family.  But  later,  the  writer  found 
that  the  surface  markings,  produced  by  the  network  of  smallest  veins, 
is  characteristic  and  distinguishes  Castanopsis  from  both  Castanea 
and  Quercus.  The  appearance  of  this  characteristic  surface  marking 
(Plate  X,  figures  1-6),  proved  to  be  so  constant  that  it  serves  as  an 
excellent  means  for  separating  these  genera  whenever  the  surface 
structure  and  ultimate  venation  are  preserved.  Fortunately,  the 
majority  of  the  Sucker  Creek  specimens  show  the  texture  and  surface 
markings  in  satisfactory  detail  to  enable  me  to  recognize  the  re- 
lationship of  this  species  with  the  genus  Castanopsis. 

When  Newberry  described  Quercus  consimilis , he  stated  that  the 
species  showed  considerable  diversity  of  size  and  form,  and  that  the 
leaves  from  Bridge  Creek,  Oregon,  were  very  numerous  and  ranged 
from  two  to  six  inches  in  length.  He  also  found  the  margins  to  vary 
from  those  which  were  acutely  toothed  throughout,  to  forms  in  which 
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the  lower  part  of  the  leaf  were  entire  or  gently  undulate,  and  only 
denticulate  near  the  summit.  He  observed  the  resemblance  between 
the  leaves  of  this  species  and  those  described  under  the  name  of 
Quercus  drymeja  Unger,  later  described  from  the  American  Tertiary 
by  Lesquereux.  On  his  plates,  he  showed  only  the  more  common  or 
average  form  and  size  of  leaves,  stating  that  in  order  to  make  the  series 
complete  it  would  have  been  necessary  to  occupy  the  entire  plate  with 
representations  of  the  different  forms  observable  in  the  collection. 
It  was  on  the  basis  of  an  abundance  of  acorns  and  cupules  found  in 
collections  with  these  leaves,  although  in  no  cases  attached,  that  he 
assigned  this  species  to  the  genus  Quercus.  Knowlton,  later  in  re- 
ferring two  other  Bridge  Creek  specimens  to  Unger’s  species,  Quercus 
drymeja , again  recognized  the  apparent  relationship  between  this 
species  and  Quercus  consimilis , for  he  suggested  that  his  specimens 
might  be  very  large  leaves  of  Quercus  consimilis.  The  acorns,  in  the 
light  of  the  evidence  of  this  paper,  may  have  belonged  to  Quercus 
clarnensis  Trelease  or  Quercus  paucidentata  Newberry. 

In  regard  to  his  species,  Quercus  idahoensis,  from  Boise  County, 
Idaho,  Knowlton  said  that  it  is  closely  allied  to  Quercus  consimilis, 
and  stated  that  it  might  belong  to  that  species.  He  pointed  out  that 
it  differed  in  its  “larger  size,  larger  and  stronger  teeth,  and  particularly 
in  being  toothed  entirely  to  the  base,  whereas  Quercus  consimilis  is 
without  teeth  for  nearly  or  quite  one-third  of  its  length.”  However, 
he  was  of  the  opinion  that  a larger  series  might  show  them  to  be 
identical.  I would  like  to  call  attention  to  the  striking  resemblance 
of  the  fossil  species,  Quercus  idahoensis  Knowlton,  to  the  living 
Castanopsis  indica  De  Candolle  from  southern  Yunnan,  China. 

Quercus  breweri  Lesquereux  ( Quercus  berryi  Trelease),  is  another 
species  that  Knowlton  believed  to  be  close  to  Quercus  consimilis , the 
separation  having  been  based  on  the  long  and  narrow  character  of  the 
leaves  of  the  former  species.  In  his  paper  on  the  Plants  of  the  Payette 
Formation  which  appeared  in  1898,  Knowlton  placed  Quercus  breweri 
Lesquereux  in  synonymy  with  Quercus  consimilis.  In  1902,  however, 
he  was  inclined  to  regard  these  two  species  as  distinct. 

I am  referring  Quercus  simulata  Knowlton,  figured  in  Berry’s  recent 
paper  (1934),  to  the  Castanopsis  consimilis  group  because  I believe 
that  on  account  of  the  dentate  margin  it  is  more  closely  allied  here 
than  it  is  with  Castanopsis  convexa. 

Castanea  orientalis  Chaney  undoubtedly  falls  into  this  same  group. 
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After  arranging  all  the  specimens  of  consimilis  and  closely  related 
species  from  Sucker  Creek  in  a series,  it  was  impossible  to  find  any 
strong  distinction  between  this  species  and  the  other  specimens  to  up- 
hold an  opinion  that  they  should  be  regarded  as  separate.  The  writer 
recognizes  the  striking  resemblance  of  the  foliar  characters  of  Castanea 
orientalis  to  those  of  Castanea  henryi  Rehder,  from  China,  as  pointed 
out  by  Chaney,  and  also  the  similarity  between  the  living  Quercus 
myrsincefolia  Blume  and  Quercus  consimilis , as  noted  by  MacGinitie. 
In  both  cases  the  comparisons  are  based  on  the  general  form  and  shape 
of  the  leaves,  the  primary  and  secondary  venation,  and  the  margin 
characters;  but  the  pattern  of  the  smallest  venation  allies  the  fossil 
specimens  with  Castanopsis.  I am  convinced  that  the  Sucker  Creek 
material  has  contributed  sufficient  evidence  to  clear  up  this  taxo- 
nomical  problem,  and  to  warrant  the  new  combination,  Castanopsis 
consimilis  now  proposed. 

As  to  Quercus  trainiG  a species  recently  described  as  new  by  Mac- 
Ginitie, I would  suggest  that  it  probably  belongs  to  Castanopsis 
consimilis.  However,  since  I could  not  examine  the  type,  but  only  a 
topotype,  I am  reluctant  to  place  this  species  in  synonymy. 

Occurrence:  The  Ballantyne  Ranch,  about  thirteen  miles  southwest 
of  Homedale,  Idaho,  in  the  Sucker  Creek  valley. 

Collection:  The  Carnegie  Museum  Collection — 53  specimens. 


Castanopsis  convexa  (Lesquereux)  Brooks,  new  comb. 

Plate  VI,  fig.  5;  Plate  X,  figs.  1,  3;  Plate  XII,  figs.  1-6; 

Plate  XIII,  figs.  4-6;  Plate  XVIII,  figs.  3-5;  Plate  XX, 
fig.  4;  Plate  XXI,  fig.  ib 

Quercus  convexa  Lesquereux,  Mem.  Mus.  Comp.  Zool.,  vol.  6,  No.  2,  p.  4,  pi.  1, 
figs.  13-17,  1878;  U.  S.  Geol.  Surv.  Terr.,  vol.  8,  p.  265,  pi.  45  B,  figs.  5,  6,  1883. 
Quercus  simplex  Newberry,  U.  S.  Geol.  Surv.,  Mon.  35,  p.  78,  pi.  43,  fig.  6,  1898. 
Quercus  simulata  Knowlton,  U.  S.  Geol.  Surv.,  18th  Ann.  Rept.,  p.  728,  pi.  102, 
figs.  1,  2,  1898. 

Salix  perplexa  Knowlton,  U.  S.  Geol.  Surv.,  Bull.  204,  p.  31,  pi.  2,  figs.  5-8,  1902. 
Salix  pseudo-argentea  Knowlton,  ibid,  p.  31,  pi.  2,  figs.  2-4,  1902. 

Salix  dayana  Knowlton,  ibid,  p.  31,  pi.  2,  fig.  9,  1902.  (not  fig.  10,  which  remains 
Umbellularia  dayana)-,  U.  S.  Geol.  Surv.,  Prof.  Paper  140,  p.  32,  pi.  12,  figs. 
1,  2,  1926. 


6MacGinitie,  H.  D.,  Carn.  Inst.  Wash.,  Pub.  416,  p.  53,  1933. 
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Salix  elongata  Knowlton  (not  Weber),  U.  S.  Geol.  Surv.,  Prof.  Paper  140,  p.  32, 

pi.  12,  fig.  4,  1926. 

Salix  sp.,  ibid,  p.  33,  pi.  12,  fig.  3,  1926. 

Quercus  perplexa  (Knowlton)  Berry,  Jour.  Wash.  Acad.  Sci.,  vol.  22,  p.  171,  text 

fig.  1,  1932. 

Castanopsis  convexa  is  a species  that  may  be  closely  allied  to  C. 
consimilis.  This  species,  together  with  C.  consimilis  furnishes  ap- 
proximately one-half  of  all  the  specimens  in  the  collection  from 
Sucker  Creek,  Idaho.  As  can  be  seen  by  reference  to  Plate  XII,  figs. 
1-6,  and  Plate  XXI,  fig.  ib,  convexa  is  quite  as  variable  in  regard  to 
shape  and  size  of  leaves  as  is  consimilis , the  main  character  for  their 
separation  being  the  entire  margin  which  leaves  of  consimilis  some- 
times approach  but  never  quite  attain.  Nevertheless,  it  is  possible 
that  some  of  the  entire-margined  leaves  may  belong  to  C.  consimilis. 
The  same  character  of  surface  texture  and  markings  based  on  the 
pattern  made  by  the  smallest  veins  which  suggested  the  withdrawal  of 
consimilis  from  the  genus  Quercus  and  placed  it  in  the  genus  Castanopsis 
is  evident  here.  The  entire  margin  which  is  such  a constant  character 
among  representatives  of  convexa  closely  relates  this  species  to  the 
living  forms  from  California,  Castanopsis  chrysophylla  De  Candolle, 
and  Castanopsis  sempervirens  (Kellogg)  Dudley,  whereas  the  dentate 
forms  of  consimilis  show  a greater  affinity  with  old  world  members  of 
the  genus,  fargesii  and  concolor , of  western  China. 

Since  Castanopsis  convexa  seems  to  be  the  same  species  as  Quercus 
convexa  Lesquereux,  Q.  simplex  Newberry,  and  Q.  simulata  Knowlton, 
the  selection  of  the  name  was  based  entirely  on  priority  without 
regard  to  its  descriptive  value.  Knowlton  noticed  a likeness  between 
Q.  convexa  and  his  species  described  under  the  name  Q.  simulata.  The 
difference  was  merely  one  relating  to  shape,  for  he  pointed  out  that 
the  venation  was  of  the  same  character  in  both  and  that  they  were 
evidently  related.  Newberry,  likewise,  regarded  his  Q.  simplex  from 
Bridge  Creek,  Oregon,  “as  an  entire  variety  of  Q.  consimilis ” pre- 
senting “the  same  characters  as  Q.  consimilis  with  which  it  is  asso- 
ciated and  from  which  it  differs  only  by  the  entire  margin.”  He 
emphasized  the  fact  that  since  in  Q.  consimilis  the  margins  sometimes 
are  nearly  entire,  it  is  possible  that  Q.  simplex  might  represent  merely 
an  entire  variety  of  Q.  consimilis. 

When  Berry  revised  the  flora  of  the  Latah  formation,  he  also  noted 
relationships  of  Knowlton’s  simulata  with  several  other  oaks,  and  with 
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Salix  elongata  Knowlton  (not  O.  Weber).  I am  of  the  opinion  that 
this  synonymy  is  correct  in  so  far  as  it  includes  entire-margined  forms, 
but,  the  dentate  forms,  even  though  only  sparingly  toothed,  should,  I 
believe,  be  assigned  to  the  other  species,  Castanopsis  consimilis. 

The  entire-margined  forms  from  the  Mascall  beds  of  Oregon, 
described  by  Knowlton  under  the  names,  Salix  pseudo -argentea,  S. 
dayana , and  5.  perplexa,  not  only  bear  a close  resemblance  to  Castan- 
opsis convexa , from  the  standpoint  of  size  and  form,  but  the  similarity 
in  texture  and  venation  have  convinced  me  that  they  represent  merely 
other  variants  of  this  same  variable  species  of  Castanopsis.  Berry 
had  already  withdrawn  Salix  perplexa  and  combined  it  with  his 
Quercus  perplexa , but  the  new  evidence  offered  by  the  Sucker  Creek 
specimens  warrants  the  transfer  of  both  these  species  to  Castanopsis 
convexa  (Lesquereux)  Brooks. 

Occurrence:  The  Ballantyne  Ranch,  about  thirteen  miles  southwest 
of  Homedale,  Idaho,  in  the  Sucker  Creek  valley. 

Collection:  The  Carnegie  Museum  Collection — 77  specimens. 

Lithocarpus  predensiflora  Brooks,  n.  sp. 

Plate  XIV,  fig.  1 

Leaves  of  medium  size;  oblong  in  general  outline;  rounded  at  the 
base  and  ending  in  a stout  petiole;  margin  repand-dentate,  with  acute 
callous  teeth;  midrib  stout  and  prominent,  with  well-defined  secondaries 
diverging  from  it  at  approximately  450  angles  and  curving  slightly  as 
they  pass  to  the  margin  to  enter  the  teeth;  tertiary  venation  fine, 
conspicuous,  reticulate;  width  2.8  centimeters  at  its  widest  point. 

Lithocarpus  has  not  often  been  recognized  in  the  fossil  state.  One 
species,  which  has  been  recorded  under  the  same  name  as  the  living 
American  species  from  California,  Lithocarpus  densiftora  (Hooker 
and  Arnott)  Oersted,  appears  among  Pliocene  specimens  from  near 
Portola,  and  in  Calabasas  Canyon,  Santa  Cruz  Mountains,  Cali- 
fornia,7 but,  to  my  knowledge,  this  is  the  first  time  the  genus  has  been 
reported  from  the  Miocene,  although  some  species  of  Quercus  were 
thought  to  be  referable  to  Lithocarpus.  The  Sucker  Creek  specimen 
shows  all  the  foliar  features  of  the  living  Californian  species,  especially 
the  form  of  the  teeth,  and  the  disposition  of  the  veins  ( See  Plate  XIV, 
figs.  1 and  2).  For  this  reason,  I have  designated  it  by  using  the 
prefix  pre  in  the  specific  name. 

7Hannibal,  Bull.  Torr.  Bot.  Club,  vol.  38,  p.  336,  pi.  15,  fig.  8,  1911. 
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Occurrence:  The  Ballantyne  Ranch,  about  thirteen  miles  south- 
west of  Homedale,  Idaho,  in  the  Sucker  Creek  valley. 

Collection:  The  Carnegie  Museum  Collection  No.  156  and  its 
counterpart  (No.  244). 

Quercus  browni  Brooks,  n.  sp. 

Plate  XIV,  figs.  3-8 

Odostemon  simplex  (Newberry)  Cockerell.  Berry,  U.  S.  Geol.  Surv.,  Prof.  Paper 

185,  p.  1 12,  pi.  23,  fig.  2,  1934.  (Not  figure  1,  which  remains  Odostemon  simplex.) 

Leaves  from  small  to  medium  size;  oblong-ovate  to  elliptical  in 
general  outline,  with  an  acute  or  rounded  apex,  and  a rounded  or 
wedge-shaped  base;  margin  entire,  sinuate,  or  sinuate-dentate,  with 
one  to  many  spinescent  teeth;  midrib  stout,  prominent,  with  secon- 
daries running  out  at  a broad  angle  of  divergence  and  sometimes 
bifurcating  about  half  the  distance  toward  the  margin,  camptodrome 
or  craspedodrome;  petiole  slender,  about  .5  centimeters  long;  length 
2 to  7.5  centimeters;  width  1.2  to  4.3  centimeters;  texture  coriaceous. 

I have  associated  a series  of  variable  leaves  in  setting  up  this  new 
species,  some  of  which  have  the  outline  and  even  suggest  such  un- 
related genera  as  Ilex , Sophora,  and  Odostemon , but  which  appear  to 
me  to  represent  Quercus  by  their  distinctly  oak-like  venation.  All 
of  these  widely  varying  forms  may  be  easily  duplicated  among  the 
leaves  of  the  existing  Quercus  chrysolepis  Liebmann,  (See  Plate  XIV, 
figs.  3-8  and  compare  with  Plate  XV,  figs.  1-8),  a tree  found  from 
southern  Oregon  along  the  California  coastal  ranges  and  the  western 
slopes  of  the  Sierra  Nevada  Mountains  to  the  San  Bernardino  and 
San  Jacinto  Mountains.  Other  fossil  species  have  been  likened  to  the 
living  Q.  chrysolepis.  For  example,  Chaney8  noted  the  resemblance 
of  Q.  clarnensis  Trelease  to  this  species,  and  Dorf9  compared  his  Q. 
hannibali  from  the  California  Pliocene  with  it.  More  recently,  Mac- 
Ginitie10  drew  a similar  comparison  between  Q.  traini  from  Trout 
Creek,  Oregon,  and  Q.  chrysolepis,  a resemblance  and  duplication  of 
characters  which  he  thinks  is  striking  enough  “to  establish  a near 
relationship  or  absolute  identity  between  them.”  However,  the 
differences  between  these  fossil  species  and  the  specimens  from 
Sucker  Creek  seem  to  warrant  referring  them  to  a new  species.  At 
first,  I was  inclined  to  associate  some  of  the  leaf-types  of  Q.  browni 

8Chaney,  Carn.  Inst.  Wash.,  Pub.  346,  p.  in,  1927. 

9Dorf,  Carn.  Inst.  Wash.,  Pub.  412,  pp.  1-108,  1930. 

l0MacGinitie,  Carn.  Inst.  Wash.,  Pub.  416,  p.  53,  1933. 
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with  Castanopsis  convexa,  but  a careful  examination  of  the  surface 
markings  readily  distinguishes  them  from  the  genus  Castanopsis  and 
allies  them  with  Qnercus. 

This  species  has  been  named  for  Dr.  Roland  W.  Brown  of  the 
United  States  National  Museum,  through  whose  generous  aid  my 
study  of  this  collection  has  benefited. 

Occurrence:  The  Ballantyne  Ranch,  about  thirteen  miles  southwest 
of  Homedale,  Idaho,  in  the  Sucker  Creek  valley. 

Collection:  The  Carnegie  Museum  Collection — 14  specimens. 

Quercus  cognatus  Knowlton 
Plate  XVI,  fig.  2 

Quercus  cognatus  Knowlton,  U.  S.  Geol.  Surv.,  Prof.  Paper  140,  p.  36,  pi.  20,  figs. 

1-4;  pi.  21,  figs.  1,  2,  1926. 

This  species,  represented  in  the  material  from  Sucker  Creek  by  a 
single  specimen,  was  found  to  be  one  of  the  most  abundant  species 
in  the  collections  from  the  Latah  formation  at  Coeur  d’Alene,  Idaho. 
The  largest  specimen  Knowlton  mentions  was  18  centimeters  in  length 
exclusive  of  the  petiole,  and  6.5  centimeters  at  its  greatest  width. 
The  present  specimen  must  approximate  the  dimensions  of  Knowl- 
ton’s  specimen  for,  although  it  represents  only  the  central  portion  of 
the  leaf,  it  measures  10  centimeters  in  length.  It  is  5.5  centimeters  at 
its  greatest  width. 

Occurrence:  The  Ballantyne  Ranch,  about  thirteen  miles  southwest 
of  Homedale,  Idaho,  in  the  Sucker  Creek  valley. 

Collection:  The  Carnegie  Museum  Collection  No.  13. 

Quercus  precoccinea  Brooks,  n.  sp. 

Plate  XVI,  fig.  1 

Leaf  oblong-obovate,  narrowed  at  the  base;  deeply  divided  by  wide 
sinuses,  rounded  in  the  bottom,  into  5-6  acuminate,  entire  or  coarsely 
repand-dentate  lobes;  upper  lateral  lobes  irregularly  3-toothed  at 
apex  and  more  deeply  lobed  than  those  of  the  three  lower  pairs  which 
are  entire  and  taper  gradually  from  a broad  base;  midrib  stout  and 
prominent,  sending  off  approximately  five  pairs  of  prominent  secon- 
dary veins  to  the  apex  of  each  lobe;  secondary  veins  alternate,  straight 
or  slightly  curving  upward,  leaving  the  midrib  at  a broad  angle  of 
divergence,  almost  at  right  angles.  Tertiaries  pass  out  from  the  secon- 
dary veins  to  each  of  the  lateral  teeth  of  the  tridentate  lobes.  The 
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broad  and  rounded  sinuses  between  the  acute,  entire  or  dentate  lobes 
are  notably  conspicuous. 

The  present  species  is  based  on  the  fine  and  characteristic  figured 
specimen.  At  first,  the  writer  considered  the  Sucker  Creek  leaf  as 
belonging  to  Lesquereux’s  Quercus  pseudo -ly rata,  but  comparisons 
made  with  the  types  of  pseudo-lyrata  in  the  United  States  National 
Museum  provided  sufficient  evidence  for  regarding  precoccinea  as  a 
different  species.  Indeed,  it  is  so  similar  to  Quercus  coccinea  Muench- 
hausen,  the  scarlet  oak  of  the  eastern  United  States,  that  there  can  be 
no  doubt  of  its  alliance  with  the  red  and  black  oaks. 

The  extreme  apex  and  base  of  the  type  specimen  are  lacking.  How- 
ever, the  leaf  probably  measured  about  14  centimeters  in  length  and 
7 centimeters  in  width  at  the  broadest  point,  above  the  middle,  and 
narrowed  to  a cuneate  base.  No  doubt,  this  leaf,  as  is  indicated  by 
another  fragmentary  portion  of  a leaf  from  the  same  locality,  possessed 
a long  terminal  lobe  which  was  either  entire  or  slightly  lobed. 

Occurrence:  The  Ballantyne  Ranch,  about  thirteen  miles  southwest 
of  Homedale,  Idaho,  in  the  Sucker  Creek  valley. 

Collection:  The  Carnegie  Museum  Collection  Nos.  42  and  71. 

Quercus  traini  MacGinitie 

Quercus  traini  MacGinitie,  Carn.  Inst.  Wash.,  Pub.  No.  416,  p.  53,  pi.  5,  figs. 
1,  2,  1933. 

I have  examined  a topotype  of  this  species  in  the  United  States 
National  Museum  collection  and  I am  of  the  opinion  it  probably  is 
Castanopsis  consimilis  (Newberry)  Brooks.  However,  since  I could 
not  examine  the  type  specimen  itself,  I am  reluctant  to  place  this 
species  in  synonymy. 

Occurrence:  The  Ballantyne  Ranch,  Section  27,  Township  23  south, 
Range  45  east,  Willamette  meridian,  Malheur  County,  Oregon. 
Collection:  United  States  National  Museum  Collection. 

BERBERIDACEffE 

Odostemon  simplex  (Newberry)  Cockerell 

Berberis  simplex  Newberry,  Proc.  U.  S.  Nat.  Mus.,  vol.  5,  p.  514,  1883;  U.  S. 
Geol.  Surv.,  Mon.  35,  (Later  Extinct  Floras  of  North  America),  p.  97,  pi.  56, 
fig.  2,  1898. 

Odostemon  simplex  (Newberry)  Cockerell,  Bull.  Am.  Mus.  Nat.  Hist.,  vol.  24,  p. 
91,  1908;  Chaney,  R.  W.,  Carn.  Inst.  Wash.,  Pub.  No.  346,  p.  116,  pi.  14, 
figs.  7,  8,  9,  11,  1927. 
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The  leaflets  from  Sucker  Creek  in  the  collection  of  the  United 
States  National  Museum  undoubtedly  belong  to  this  species.  A single 
example  found  by  Newberry  in  material  from  the  Bridge  Creek  shales 
of  Oregon,  was  described  at  first  as  belonging  to  the  genus  Berberis. 
Since  then,  however,  it  has  appeared  in  the  Payette  formation  of 
Idaho,11  and,  very  recently  at  several  localities  in  the  Crooked  River 
and  John  Day  Basins.12 

Occurrence:  The  Sam  Ballantyne  Ranch,  Section  27,  Township  23 
south,  Range  45  east,  Willamette  meridian,  Malheur  County,  Oregon. 

Collection:  The  United  States  National  Museum. 

PLATANACETI 
Platanus  dissecta  Lesquereux 
Plate  XVII,  figs.  2,  3,  4;  Plate  XVIII,  figs.  1,  2 

Platanus  dissecta  Lesquereux,  Mem.  Mus.  Comp.  Zool.,  vol.  6,  No.  2,  p.  13,  pi. 

7,  fig.  12;  pi.  10,  figs.  4,  5,  1878;  U.  S.  Geol.  Surv.  Terr.,  Rept.,  vol.  8,  p.  249,  pi. 

56,  fig.  4;  pi.  57,  figs.  1,  2, 1883;  Knowlton,  U.  S.  Geol.  Surv.,  Bull.  696,  p.467,  1919; 

Berry,  U.  S.  Geol.  Surv.,  Prof.  Paper  154,  p.  248,  pi.  53,  figs.  1,  2;  pi.  61,  1929. 
Acer  trilobatum  productum  (A.  Braun)  Heer.  Lesquereux,  U.  S.  Geol.  Surv.,  Terr., 

Rept.,  vol.  8,  p.  253,  pi.  59,  figs.  1-4,  1883. 

Platanus  aspera  Newberry,  U.  S.  Geol.  Surv.,  Mon.  35,  p.  102,  pi.  42,  figs.  1-3, 

1898.  (Not  pi.  44,  fig.  5;  pi.  59,  fig.  3,  which  are  probably  Tilia  Hesperia  Berry). 
Acer  bendirei  Lesquereux,  Proc.  U.  S.  Nat.  Mus.,  vol.  11,  p.  14,  pi.  5,  fig.  5;  pi. 

6,  fig.  1;  pi.  7,  fig.  1,  1888.  (Not  pi.  8,  fig.  1,  which  is  Acer  chaneyi  Knowlton); 

Knowlton,  U.  S.  Geol.  Surv.,  Bull.  696,  p.  49,  1919. 

Celtis  hesperius  Berry,  Torreya,  vol.  32,  pp.  40-42,  text  fig.  1,  1932. 

This  species,  which  was  described  by  Lesquereux  from  the  Chalk 
Bluffs  and  Table  Mountain  localities  of  California,  has  contributed 
abundantly  to  the  fossil  flora  of  Sucker  Creek.  In  making  the  above 
citations,  I am  convinced  that  all  these  species  are  variants  of  the  single 
Miocene  species,  Platanus  dissecta.  They  show  no  more  variation 
than  is  displayed  by  the  living  species,  P.  occidentalism  P.  orientalism 
and  P . racemosa.  In  looking  over  the  herbarium  sheets  in  the  United 
States  National  Museum,  it  was  not  difficult  to  match  all  the  fossil 
leaves  with  leaves  of  living  species.  The  relationship  between  dissecta 
and  the  living  occidentalis  was  discussed  by  Lesquereux.  He  found  it 
to  be  . . . closely  allied  to  P.  occidentalis  Linnaeus,  being  distinct 

uChaney,  Am.  Jour.  Sci.,  vol.  4,  p.  216,  1922. 

12Chaney,  Carn.  Inst.  Wash.,  Pub.  346,  p.  116,  1927. 
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by  its  narrower,  more  acutely  pointed  lobes,  in  an  acute  angle  of 
divergence  to  the  middle,  and  by  its  sharply  pointed  teeth  all  turned 
upwards.”  The  essential  difference  lay  . . . in  the  narrower  shape 
of  the  leaves,  longer  than  broad,  and  in  the  deeper,  acute  divisions.” 
In  looking  over  the  specimens  from  Sucker  Creek,  however,  there  is 
even  greater  variation  present  than  was  discussed  by  Lesquereux,  and 
many  of  the  broader  forms  as  well  as  the  narrower  square-based  types 
described  heretofore  as  Acer  bendirei  Lesquereux  have  their  counter- 
parts among  living  Platanus  species. 

The  decision  reached  in  regard  to  Acer  bendirei  Lesquereux  is  based 
on  the  discovery  that  the  type  specimens,  in  addition  to  a number  of 
other  specimens  referred  to  this  species,  show  the  large  and  wrinkled 
petiolar  base  displayed  by  Platanus.  (See  the  figures  of  the  type 
specimens  in  the  Proc.  U.  S.  Nat.  Mus.,  vol.  n,  pi.  5,  fig.  5;  pi.  6, 
fig.  1;  pi.  7,  fig.  1,  1888).  It  will  be  recalled  that  the  base  of  the 
petiole  in  Platanus  is  enlarged  and  assumes  the  form  of  a hollow  and 
closed  cone  which  fits  over  and  protects  the  subpetiolar  bud.  Upon 
becoming  detached  from  the  tree  when  the  leaf  falls,  this  cone-like 
structure  at  the  base  of  the  petiole  in  the  process  of  drying  forms  a 
series  of  many  coarse  longitudinal  wrinkles  or  ridges.  Acer,  on  the 
other  hand,  has  a considerably  smaller  petiolar  base,  which  is  not  in 
the  form  of  a closed  cone,  and  does  not  become  deeply  furrowed  when 
dried  or  fossilized.  The  large,  long,  sharply  acuminate,  scalloped 
teeth,  when  present,  also  help  to  distinguish  the  leaves  of  Platanus 
from  those  of  other  genera. 

In  the  material  from  Sucker  Creek  there  is  a small  cordate  leaf  which 
I thought  at  first  might  belong  to  Celtis  hesperius  Berry,  but  marginal 
and  venational  characters  place  it  with  Platanus  dissecta.  While  try- 
ing to  reach  a decision  about  this  specimen,  I examined  the  type  speci- 
men of  Celtis  hesperius  in  the  United  States  National  Museum,  and  in 
doing  so  came  upon  several  discrepancies  between  this  specimen  and 
the  text  figure.  Careful  examination  with  a lens  showed  that  the 
secondaries  enter  directly  into  the  teeth  as  is  the  case  in  Platanus; 
they  are  not  camptodrome.  There  are  minor  loops  present,  but  these 
are  the  usual  connections  between  one  secondary  and  that  next  above. 
Likewise,  the  large  lateral  teeth  near  the  base  of  the  leaf  in  the  figure 
are  not  enlarged  marginal  teeth,  but  are  incipient  lobes.  That  this  is 
true  is  confirmed  by  the  presence  of  a small  tooth,  not  shown  in  the 
figure,  in  each  of  the  scalloped  notches.  These  incipient  lobes,  the 
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sharp,  scalloped  and  forward-pointing  teeth,  all  of  which  are  entered 
directly  by  the  secondary  veins,  and  the  large  petiolar  base,  also  not 
well  illustrated,  provide  undeniable  evidence  to  support  the  inclusion 
of  Celtis  hesperius  Berry  with  Platanus  dissecta  Lesquereux.  There  are 
also  many  connecting  forms  which  link  my  small  cordate  leaf  and 
Berry’s  cordate-ovate,  tri-lobed  form  with  this  diversified  Miocene 
species. 

Occurrence:  The  Ballantyne  Ranch,  about  thirteen  miles  southwest 
of  Homedale,  Idaho,  in  the  Sucker  Creek  valley. 

Collection:  The  Carnegie  Museum  Collection  and  the  Collection  of 
the  United  States  National  Museum. 

ROSACEA 

Prunus  coveus  Chaney 

Prunus  coveus  Chaney,  Carn.  Inst.  Wash.,  Pub.  No.  346,  p.  123,  pi.  15,  figs.  1-4, 

6,  1927. 

This  species  is  represented  by  a single  specimen  now  in  the  United 
States  National  Museum. 

Occurrence:  The  Ballantyne  Ranch,  Section  27,  Township  23  south, 
Range  45  east,  Willamette  meridian,  Malheur  County,  Oregon. 

Collection:  United  States  National  Museum  Collection. 

LEGUMINOS/E 

Meibomites,  cf.  M.  lucens  Knowlton 
Plate  XIX,  figs.  1-3 

Meibomites  lucens  Knowlton,  U.  S.  Geol.  Surv.,  Prof.  Paper  140,  p.  44,  pi.  28, 

fig.  10,  1925. 

One  of  these  leaves  (Plate  XIX,  fig.  1),  resembles  closely  in  shape  and 
venation  the  figured  type  of  M.  lucens  from  the  Latah  formation, 
although  it  appears  to  be  a much  thicker  leaf,  and  Knowlton  empha- 
sizes the  fact  that  the  type  represents  a thin  leaf  like  those  of  the  living 
species  of  Meibomia.  The  Sucker  Creek  leaves  apparently  represent 
leaflets,  for  all  have  well-preserved,  short  and  stout  petiolules.  The 
petiolule,  if  ever  present,  has  not  been  preserved  in  Knowlton’s 
leaflet. 

It  is  not  difficult  to  see  a resemblance  between  these  leaflets  and 
those  of  the  living  Gymnocladus  dioica  (Linnaeus)  Koch.  In  fact,  the 
similarity  seemed  so  apparent  at  first  that  I was  inclined  to  place 
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the  Sucker  Creek  leaves  in  this  genus.  This  would  have  necessitated 
the  creation  of  a new  species,  however,  and  I felt  reluctant  about 
doing  this  until  I had  more  material  from  this  locality  which  would 
offer  more  convincing  evidence  in  regard  to  their  relationship.  To  my 
knowledge,  the  only  accepted  fossil  species  recorded  from  North 
America  is  Gymnocladus  casei  Berry,  from  the  Miocene  of  Beaver 
Creek,  Oklahoma,  and  comparison  of  my  specimens  with  Berry’s  type 
assured  me  that  I would  be  obliged  to  regard  the  Sucker  Creek  speci- 
mens as  distinct. 

Occurrence:  The  Ballantyne  Ranch,  about  thirteen  miles  southwest 
of  Homedale,  Idaho,  in  the  Sucker  Creek  valley. 

Collection:  Carnegie  Museum  Collection  Nos.  ng,  i,  and  55. 

SAPINDACE^E 
Sapindus  oregonianus  Knowlton 
Plate  XIX,  fig.  4 

Sapindus  oregonianus  Knowlton,  U.  S.  Geol.  Surv.,  Bull.  204,  p.  79,  pi.  15,  fig. 
3.  1902. 

Whether  or  not  the  leaf  that  Knowlton  referred  to  this  species,  or 
the  Sucker  Creek  specimens,  represents  Sapindus  is  an  open  question. 
For  the  present,  I am  content  to  await  further  evidence. 

Occurrence:  The  Ballantyne  Ranch,  about  thirteen  miles  southwest 
of  Homedale,  Idaho,  in  the  Sucker  Creek  valley. 

Collection:  The  Carnegie  Museum  Collection  Nos.  34  and  94. 

ACERACE^E 
Acer  chaneyi  Knowlton 
Plate  XIX,  fig.  5;  Plate  XXI,  fig.  ia 

Acer  chaneyi  Knowlton,  U.  S.  Geol.  Surv.,  Prof.  Paper  140,  p.  45,  pi.  27,  fig.  2,  1926. 
Acer  gigas  Knowlton,  U.  S.  Geol.  Surv.,  Bull.  204,  p.  76,  pi.  14,  fig.  1,  1902. 

This  species  was  described  by  Knowlton  from  the  Latah  formation, 
Spokane,  Washington.  MacGinitie,13  also,  reported  it  from  Trout 
Creek  in  southeastern  Oregon.  He  states  that  the  leaves  named  as 
Acer  chaneyi  and  the  fruits  named  Acer  gigas  by  Knowlton  are  both 
from  the  same  species  of  maple  similar  to  the  living  Acer  saccharinum 
Linnaeus.  I have  compared  the  large  fossil  seed  in  the  Sucker  Creek 

13MacGinitie,  H.  D.,  Carn.  Inst.  Wash.,  Pub.  No.  416,  pp.  21-68,  1933. 
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material  with  the  large  fruit  of  this  living  species  and  find  that  it  is 
difficult  to  distinguish  between  them. 

Occurrence:  The  Ballantyne  Ranch,  about  thirteen  miles  southwest 
of  Homedale,  Idaho,  in  the  Sucker  Creek  valley. 

Collection:  The  Carnegie  Museum  Collection  Nos.  6,  iyg,  183 , and 
i8q,  {seed). 

Acer  sp.,  cf.  A.  negundoides  MacGinitie 
Plate  XXI,  fig.  2 

Acer  negundoides  MacGinitie,  Carn.  Inst.  Wash.,  Pub.  No.  416,  pp.  21-68,  1933. 

MacGinitie  figures  fruits  from  Trout  Creek  of  southeastern  Oregon, 
which  he  believes  are  similar  to  those  of  Acer  negundo  Linnaeus,  a 
species  of  maple  growing  in  moist  situations  from  western  New 
England  to  Manitoba,  southward  and  westward.  The  specimen  from 
Sucker  Creek  compares  well  in  size  with  MacGinitie’s  species,  but  the 
poor  preservation  of  the  seed  proper  makes  a definite  reference  im- 
possible. 

Occurrence:  The  Ballantyne  Ranch,  about  thirteen  miles  southwest 
of  Homedale,  Idaho,  in  the  Sucker  Creek  valley. 

Collection:  The  Carnegie  Museum  Collection  No.  237. 


Acer  osmonti  Knowlton 
Plate  XX,  fig.  2 

Acer  osmonti  Knowlton,  U.  S.  Geol.  Surv.,  Bull.  204,  p.  72,  pi.  13,  fig.  3,  1902; 
Chaney,  R.  W.,  Carn.  Inst.  Wash.,  Pub.  No.  346,  p.  126,  pi.  17,  fig.  6;  pi.  18, 
figs.  1,  3-  5.  7-9.  1927. 

The  leaves  of  Acer  are  not  numerous  in  the  Sucker  Creek  material. 
This  species  is  represented  by  the  single  figured  fragment. 

Knowlton  based  his  description  of  the  species  on  a single  incomplete 
specimen.  This  leaf  from  Bridge  Creek,  Oregon,  the  type  locality,  was 
five-lobed  whereas  the  leaf  in  the  collection  from  Sucker  Creek  is 
three-lobed.  In  this  respect  it  is  like  other  leaves  of  this  species  from 
the  Crooked  River  and  John  Day  Basins,  Oregon. 

Occurrence:  The  Ballantyne  Ranch,  about  thirteen  miles  southwest 
of  Homedale,  Idaho,  in  the  Sucker  Creek  valley. 

Collection:  The  Carnegie  Museum  Collection  No.  231. 
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LAURACEAL 

Sassafras  hesperia  Berry 
Plate  XX,  fig.  i 

Sassafras  hesperia  Berry,  U.  S.  Geol.  Surv.,  Prof.  Paper  154,  p.259,  pi.  59,  fig.  2,  1929. 

The  genus  Sassafras  is  a monotypic  genus  today,  confined  to  tempe- 
rate eastern  North  America  and  to  China,  with  no  surviving  repre- 
sentatives in  Europe,  although  it  was  present  there  in  the  Tertiary. 
Most  North  American  fossil  species  are  recorded  from  the  upper 
Cretaceous.  Since  Berry14  described  his  species  other  Tertiary 
specimens  have  come  to  light,  one  recorded,  but  not  named,  in  Chaney’s 
material  from  the  Crooked  River  Basin  in  Oregon,  one  from  Sumpter, 
Oregon,  and  this  leaf  from  Sucker  Creek,  Idaho.  All  these  specimens 
are  referable  to  the  same  species. 

Occurrence:  The  Ballantyne  Ranch,  about  thirteen  miles  southwest 
of  Homedale,  Idaho,  in  the  Sucker  Creek  valley. 

Collection:  The  Carnegie  Museum  Collection  No.  26Q. 

Umbellularia  oregonensis  Chaney 
Plate  XIX,  fig.  6 

Umbellularia  oregonensis  Chaney,  Carn.  Inst.  Wash.,  Pub.  No.  349,  pt.  4,  pp.  59- 
62,  pi.  1,  figs.  1,  3,  5,  7,  1925. 

This  species,  described  from  Bridge  Creek  in  the  John  Day  Basin, 
is  comparatively  rare  at  the  Sucker  Creek  locality  for  it  is  represented 
by  the  single  figured  leaf.  Although  this  leaf  is  broken  at  the  base, 
the  portion  that  remains  is  so  characteristic  that  there  can  be  no  doubt 
regarding  its  botanic  affinity. 

Occurrence:  The  Ballantyne  Ranch,  about  thirteen  miles  southwest 
of  Homedale,  Idaho,  in  the  Sucker  Creek  valley. 

Collection:  The  Carnegie  Museum  Collection  No.  87. 

CORNACET^ 

Cornus  ovalis  Lesquereux 

Cornus  ovalis  Lesquereux,  Mem.  Mus.  Comp.  Zool.,  vol.  6,  No.  2,  p.  23,  pi.  6, 
figs.  1,  2,  1878. 

The  leaves  of  this  species  are  small,  entire,  obtuse,  and  rounded  to 
a short  petiole.  The  secondary  veins  are  more  closely  spaced  at  the 

14Upon  the  authority  of  the  labelled  specimen  in  the  United  States  National 
Museum,  the  type  locality  is  Republic,  Washington,  and  not  the  brickyard  at 
Spokane,  as  stated  by  Berry  in  his  paper. 
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base  of  the  leaf,  but  the  upper  pairs  are  almost  twice  as  far  apart. 
Their  angle  of  divergence  from  the  midrib  is  approximately  40  °, 
running  out  from  it  without  branching,  but  curving  and  following  the 
outline  of  the  margin.  The  species  seems  to  be  related  to  Cornus 
nuttallii  Audubon,  a common  species  of  western  United  States. 

Occurrence:  The  Ballantyne  Ranch,  Section  27,  Township  23 
south,  Range  45  east,  Willamette  meridian,  Malheur  County,  Oregon. 
Collection:  The  United  States  National  Museum  Collection. 

ERICACEAE 

Arbutus  traini  MacGinitie 

Plate  XXI,  fig.  3 

Arbutus  traini  MacGinitie,  Carn.  Inst.  Wash.,  Pub.  No.  416,  pp.  21-68,  pi.  12, 
fig-  3;  pi-  13.  figs,  i,  2,  1933. 

Arbutus  sp.  Chaney,  Carn.  Inst.  Wash.,  Pub.  No.  349,  p.  36,  1925. 

The  leaf  figured  here  agrees  well  with  the  figured  type  of  this  species, 
described  from  the  Trout  Creek  flora  of  southeastern  Oregon.  It 
resembles  the  living  Arbutus  menziesii  Pursh,  found  in  the  coast 
ranges  from  British  Columbia  to  southern  California,  and  in  the 
foothills  of  the  Sierra  Nevada. 

Occurrence:  The  Ballantyne  Ranch,  about  thirteen  miles  southwest 
of  Homedale,  Idaho,  in  the  Sucker  Creek  valley. 

Collection:  Carnegie  Museum  Collection  No.  193. 

NYSSACEiE 

Nyssa,  cf.  N.  knowltoni  Berry 
Plate  XX,  fig.  3 

Nyssa  knowltoni  Berry,  U.  S.  Geol.  Surv.,  Prof.  Paper  154,  p.  261,  pi.  59,  fig.  7,  1929. 

I have  not  been  able  to  match  this  leaf  from  Sucker  Creek  with  any 
of  the  previously  described  fossil  species  of  Nyssa,  and  since  additional 
material  would  be  necessary  to  establish  its  relationship  definitely,  I 
am  content  to  compare  it  with  Berry’s  species  at  this  time. 

Berry  based  his  species  on  a single,  somewhat  inequilateral  leaf; 
elliptical,  rounded  at  the  base,  and  bluntly  pointed  at  the  apex.  The 
Sucker  Creek  leaf,  on  the  other  hand,  is  a much  smaller  leaf,  but  its 
general  outline,  and  the  irregularly  spaced  and  camptodrome  secon- 
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daries  which  are  more  crowded  toward  the  base  seem  to  relate  it  to 
Berry’s  species,  and  to  justify  this  generic  allocation. 

Occurrence:  The  Ballantyne  Ranch,  about  thirteen  miles  south- 
west of  Homedale,  Idaho,  in  the  Sucker  Creek  valley. 

Collection:  The  Carnegie  Museum  Collection  No.  219. 
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Figs,  i,  4 
Fig.  2. 
Fig.  3. 
Fig.  6. 


EXPLANATION  OF  PLATE  IV 

, 5.  Pinus  sp.  Cone  scales. 

Pinus  sp.  Leaves. 

Pinus  sp.  Stem. 

Glyptostrobus  linguoefolia  (Lesquereux)  Brooks,  new  comb. 
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Plate  IV. 
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EXPLANATION  OF  PLATE  V 

Figs,  i,  2,  3.  Betula  heteromorpha  Knowlton. 

Figs.  4,  5.  Betula  largei  Knowlton. 
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Plate  V. 
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EXPLANATION  OF  PLATE  VI 

Fig.  i. 

Betula  largei  Knowlton. 

Fig.  2. 

Castanopsis  consimilis  (Newberry)  Brooks  new  comb. 

Figs.  3,  4. 

Fig.  5. 

Fagus  pacifica  Chaney. 

Castanopsis  convexa  (Lesquereux)  Brooks,  new  comb. 
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Plate  VI. 
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Fig.  i. 


Fig.  2. 


EXPLANATION  OF  PLATE  VII 

Castanopsis  fargesii  Franchet.  Specimen  of  living  species  for  com- 
parison. United  States  National  Museum  Herb.  Sheet  778950. 
Western  Hupeh,  China. 

Castanopsis  concolor  Rehder  and  Wilson.  Specimen  of  living  species 
for  comparison.  United  States  National  Museum  Herb.  Sheet 
1332399.  Near  Talifu,  Mountains  of  Yangpi  River  Drainage 
Basin,  Central  Yunnan,  China. 


Figs.  3,  4. 


Castanopsis  consimilis  (Newberry)  Brooks,  new  comb. 
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Plate  VII. 
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EXPLANATION  OF  PLATE  VIII 


Figs.  1-5.  Castanopsis  consimilis  (Newberry)  Brooks,  new  comb. 


ANNALS  CARNEGIE  MUSEUM,  Vol.  XXIV. 


Plate  VIII. 
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EXPLANATION  OF  PLATE  IX 


Figs,  i,  3. 


Fig.  2. 


Fig.  4. 
Fig.  5. 


Quercus  myrsincefolia  Blume.  Specimens  of  living  species  for  com- 
parison. Figure  1 shows  a small  portion  of  one  of  the  leaves  in  Figure 
3,  (enlarged  3X),  to  bring  out  the  tertiary  venation.  United 
States  National  Museum  Herb.  Sheet  458593.  Szenwa,  China. 
Castanea  pumila  Miller.  Portion  of  leaf  of  living  species  for  com- 
parison of  the  tertiary  venation.  Carnegie  Museum  Herb.  Sheet 
Acc.  No.  2116.  Ocean  Springs,  Mississippi. 

Castanopsis  consimilis  (Newberry)  Brooks,  new  comb. 

Castanopsis  consimilis  (Newberry)  Brooks,  new  comb.  Abnormal 
leaf  showing  a forking  of  the  midrib  slightly  below  the  center  and  a 
corresponding  division  of  the  leaf  into  two  lanceolate  lobes. 


Plate  IX. 
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EXPLANATION  OF  PLATE  X 

Figs,  i,  3. 

Castanopsis  convexa  (Lesquereux)  Brooks,  new  comb. 

Fig.  2. 

Castanopsis  sempervirens  (Kellogg)  Dudley.  Portion  of  leaf  of  living 
species  for  comparison  of  the  tertiary  venation.  United  States 
National  Museum  Herb.  Sheet  858146.  Gold  Lake  Trail,  Clio, 
Plumas  County,  California. 

Figs.  4,  6. 

Castanopsis  consimilis  (Newbery)  Brooks,  new  comb. 

Fig.  5. 

Castanopsis  fargesii  Franchet.  Portion  of  leaf  of  living  species  for 
comparison  of  tertiary  venation.  United  States  National  Mu- 
seum Herb.  Sheet  778950.  Western  Hupeh,  China. 
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Plate  X. 
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Fig.  i. 


Fig.  2. 


Fig.  3. 


Fig.  4. 


EXPLANATION  OF  PLATE  XI 

Quercus  phellos  Linnaeus.  Specimen  of  living  species  for  comparison. 
Carnegie  Museum  Herb.  Sheet  Acc.  No.  5335.  Bluespring,  West 
Virginia  ? (X3)« 

Castanopsis  fargesii  Franchet.  Specimen  of  living  species  for  com- 
parison. United  States  National  Museum  Herb.  Sheet  778950. 
Western  Hupeh,  China.  (This  leaf  is  the  same  as  Plate  VII,  figure 
1.  X3-) 

Quercus  myrsincefolia  Blume.  Specimen  of  living  species  for  com- 
parison. United  States  National  Museum  Herb.  Sheet  458593. 
Szenwa,  China.  (This  is  a small  portion  of  the  same  leaf  as  Plate 
IX,  fig.  3,  X3-) 

Castanea  pumila  Miller.  Specimen  of  living  species  for  comparison. 
Carnegie  Museum  Herb.  Sheet  2116.  Ocean  Springs,  Miss- 
issippi. (X3-) 
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Plate  XI. 
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Figs.  i-6. 


EXPLANATION  OF  PLATE  XII 
Castanopsis  convexa  (Lesquereux)  Brooks,  new  comb. 


Plate  XII. 
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Figs.  1-3. 


Figs.  4-6. 


EXPLANATION  OF  PLATE  XIII 

• 

Castanopsis  sempervirens  (Kellogg)  Dudley.  Leaves  of  living  species 
showing  the  different  leaf  types.  All  these  forms  can  be  dupli- 
cated among  the  fossil  specimens.  Figures  1,  2.  United  States 
National  Herb.  Sheet  858146.  Gold  Lake  Trail,  Clio,  Plumas 
County,  California;  Figure  3.  United  States  National  Museum 
Herb.  Sheet  475990.  Glacier  Point,  Yosemite  Valley,  California. 


Castanopsis  convexa  (Lesquereux)  Brooks,  new  comb. 
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Plate  XIII. 
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Fig.  i. 
Fig.  2. 

Figs.  3-8. 


EXPLANATION  OF  PLATE  XIV 

Lithocarpus  predensijlora  Brooks,  new  species. 

£ 

Lithocarpus  densi flora  (Hooker  and  Arnott)  Rehder.  Leaf  of  living 
species  for  comparison.  United  States  National  Museum  Herb. 
Sheet  1583337.  Inverness,  California. 

Quercus  browni  Brooks,  new  species. 


Plate  XIV 
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EXPLANATION  OF  PLATE  XV 

Figs.  i-8.  Quercus  chrysolepis  Liebmann.  Leaves  of  living  species  showing  leaf 
types  which  can  easily  be  duplicated  among  the  fossil  specimens. 
United  States  National  Museum  Herb.  Sheet  292912.  Colfax, 
Placer  County,  California. 
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Plate  XV. 
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Fig.  i. 
Fig.  2. 
Fig.  3. 


EXPLANATION  OF  PLATE  XVI 

Quercus  precoccinea  Brooks,  new  species. 

Quercus  cognatus  Knowlton. 

Quercus  coccinea  Muenchhausen.  A leaf  of  the  living  species  shown 
for  comparison.  Carnegie  Museum  Herb.  Sheet  4574.  Catawba 
Island,  Northern,  Ohio. 
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Plate  XVI. 
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Fig.  i. 
Fig.  2. 
Fig.  3. 
Fig.  4. 


EXPLANATION  OF  PLATE  XVII 

Castanopsis  consimilis  (Newberry)  Brooks,  new  comb. 

Platanus  dissecta  Lesquereux.  Large  leaf. 

Platanus  dissecta  Lesquereux.  Small  leaf. 

Platanus  dissecta  Lesquereux.  Basal  portion  of  leaf  showing  the  char- 
acteristic petiolar  base  with  its  ridges  caused  by  the  collapse  of 
the  hollow  closed  cone  which  protected  the  subpetiolar  bud. 
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Plate  XVII. 
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EXPLANATION  OF  PLATE  XVIII 
Figs,  i,  2.  Platanus  dissecta  Lesquereux. 

Figs.  3-5.  Castanopsis  convexa  (Lesquereux)  Brooks,  new  comb. 


Plate  XVIII 
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Figs.  1-3 
Fig.  4. 
Fig.  5. 
Fig.  6. 


EXPLANATION  OF  PLATE  XIX 

Meibomites,  cf.  M.  lucens  Knowlton. 

Sapindus  oregonianus  Knowlton. 

Acer  chaneyi  Knowlton. 

Umbellularia  oregonensis  Chaney. 
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Plate  XIX. 
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EXPLANATION  OF  PLATE  XX 


Fig. 

i. 

Sassafras  hesperia . Berry. 

Fig. 

2. 

Acer  osmonti  Knowlton. 

Fig. 

3- 

Nyssa,  cf.  N.  knowltoni  Berry. 

Fig. 

4- 

Castanopsis  convexa  (Lesquereux)  Brooks,  new  comb. 

Fig. 

5- 

Castanopsis  consimilis  (Newberry)  Brooks,  new  comb. 
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Plate  XX. 
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EXPLANATION  OF  PLATE  XXI 

Fig.  ia. 

Acer  chaneyi  Knowlton.  Fruit. 

Fig.  ib. 

Castanopsis  convexa  (Lesquereux)  Brooks,  new  comb. 

Fig.  2. 

Acer,  cf.  Acer  negundoides  MacGinitie. 

Fig.  3. 

Arbutus  traini  MacGinitie. 
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ART.  X.  SOME  UPPER  DEVONIAN  CRINOIDS 
FROM  NEW  YORK 


By  Winifred  Goldring 
New  York  State  Museum 

Through  the  courtesy  of  Mr.  E.  R.  Eller  of  the  Carnegie  Museum, 
the  writer  has  recently  had  the  opportunity  of  studying  a collection 
of  crinoids  obtained  by  him  from  the  Lower  Chemung  beds  in  the 
creek  bed  at  Alfred  Station,  Allegany  County,  New  York.  To  the 
seventy-five  feet  of  exposed  shale,  including  the  fossiliferous  zone, 
Mr.  Eller  has  given  the  name  Alfred  shale. 

Six  species  are  comprised  in  this  collection,  four  belonging  to  the 
Flexibilia  and  two  to  the  Inadunata.  Among  the  Flexibilia  one 
species  is  referred  to  Eutaxocrinus  pulcher  Springer  and  the  other 
three  are  here  described  as  new  species  of  Eutaxocrinus.  By  far  the 
larger  part  of  the  collection  is  composed  of  specimens  of  Anamesocrinus 
lutheri  Goldring,  many  of  them  finer  and  better  preserved  than  the 
types,  so  that  it  has  been  possible  to  emend  and  add  to  the  original 
description.  Another  inadunate  is  represented  by  three  poorly  pre- 
served and  other  partially  preserved  specimens  that  bear  a strong 
resemblance  to  Corematocrinus  plumosus  Goldring  from  the  Portage 
beds,  but  these  specimens  cannot  be  conclusively  identified. 

Order  FLEXIBILIA  Zittel 
Eutaxocrinus  elleri  sp.  nov. 

(Plate  XXII,  figures  i-io) 

This  graceful  species  is  represented  by  four  adult  specimens  or  parts 
of  specimens,  two  young  forms,  and  fragments  of  columns.  Crown  of 
medium  size,  spreading  rapidly  from  the  base  to  a greatest  breadth 
above  the  fourth  bifurcation  where  the  arms  begin  to  enroll.  Height 
of  average  crown,  the  holotype,  31.5  mm.;  greatest  breadth  27.3  mm.; 
width  at  base  4.4  mm.  Calyx  much  wider  than  high. 

Dorsal  cup:  Infrabasals  forming  a low  ring  barely  projecting  be- 
yond the  enlarged  column.  Basals  small,  a typical  one  with  a height 
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of  1.5  mm.  and  a width  of  2.5  mm.  Elongate  posterior  basal  not 
shown.  Radials  comparatively  large,  an  average  one  with  a height 
of  3.4  mm.  and  a width  of  approximately  4.2  mm.;  upper  margin 
arcuate.  Radials  in  young  specimens  proportionately  larger. 

Tegmen  not  preserved. 

Arms  bifurcating  four  times,  divergent  to  about  the  fourth  bifurca- 
tion where  they  become  deeply  incurved.  Tips  strongly  enrolled. 
Above  the  secundibrachs  the  intervals  between  bifurcations  are 
greater  in  outer  divisions,  and  are  particularly  noticeable  above  the 
tertibrachs.  Arms  somewhat  angular  above  the  tertibrachs,  strongly 
angular  in  the  enrolled  portion;  well  shown  even  on  the  secundibrachs 
in  one  of  the  young  specimens.  Secundibrachs  two-thirds  the  width 
of  the  primibrachs,  or  less.  In  all  succeeding  bifurcations,  the  arms 
diminish  in  width  about  one-half,  giving  slender  arms,  particularly 
in  the  higher  divisions. 

Primibrachs  two,  wider  than  long,  arcuate.  All  brachials  above 
longer  than  wide,  particularly  in  the  higher  divisions,  and  strongly 
arcuate.  Secundibrachs  3 or  4 in  the  holotype;  in  two  of  the  para- 
types,  one  of  them  young,  4 or  5 are  shown.  Tertibrachs  variable, 
fewer  for  the  inner  (4  or  5 usually;  also  6)  than  for  the  outer  divisions 
(6  to  9 usually;  4 in  one).  Quatribrachs  variable,  usually  7 or  9, 
sometimes  11  or  more  in  the  inner  divisions;  usually  1 1 in  the  outer 
divisions,  less  often  more. 

Column  very  characteristic.  Proximal  enlargement  flush  with  the 
base  of  the  calyx,  composed  of  thin,  strongly  crenulated  columnals, 
sharply  set  off  from  the  rest  of  the  column,  tapering  for  8.3  mm.  in 
holotype  from  a width  of  4.5  mm.  at  the  base  to  a width  of  2.7  mm. 
where  the  column  changes  character.  In  the  holotype  52.5  mm.  of 
column  are  preserved.  Below  the  proximal  enlargement  the  colum- 
nals soon  take  a definite  pattern.  Between  slightly  projecting  and 
rounded  nodals  are  three  shorter  columnals,  one  longer  than  the  others 
and  slightly  projecting,  the  thinner  ones  with  sharper  edges.  In  the 
distal  portion  the  projecting  edges  of  these  columnals,  particularly  the 
nodals,  begin  to  grow  sharper  and  show  faint  beading  or  tubercles. 

Two  young  specimens  have  been  referred  to  this  species.  The 
youngest  preserves  14  cm.  of  column;  the  other  43  mm.  The  youngest 
specimen  shows  4 mm.  of  thin  columnals  in  the  proximal  enlargement, 
sharply  set  off  from  the  rest  of  the  column.  For  about  20  mm.  the 
columnals  show  the  same  pattern  as  described  for  the  holotype.  Then 
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the  projecting  edges  of  the  nodals,  particularly,  and  the  intermediate 
columnals  as  well,  become  beaded,  a condition  which  becomes  more  and 
more  pronounced  distally  until  all  columnals  appear  strongly  tuber- 
culated.  The  other  young  specimen  shows  3.7  mm.  of  the  proximal 
enlargement  and  the  rest  of  the  column  is  similar  to  the  specimen  just 
described,  though  it  is  not  preserved  for  a sufficient  length  to  show  the 
striking  tuberculated  condition  of  the  columnals.  Separate  sections 
of  columns  occur  fairly  abundantly  in  the  shales  in  which  occur  the 
three  species  of  Eutaxocrinus  described  here.  They  definitely  do  not 
have  any  relation  to  the  other  two  species,  but  might  well  represent 
more  distal  portions  of  the  column  of  E.  elleri  to  which  they  are  here 
referred.  The  arrangement  of  the  columnals  is  that  shown  in  the  dis- 
tal portion  of  the  holotype  and  in  the  young  specimen.  The  nodal 
columnals  are  strongly  tuberculated,  the  middle  one  of  the  intermediate 
group  more  or  less  so,  giving  a very  striking  character  to  the  column. 

Holotype  and  paratypes  in  the  Carnegie  Museum,  numbers  7229- 
7238.: 

Remarks:  Eutaxocrinus  elleri , with  its  strongly  coiled  angular  arm- 
tips  and  characteristic  column  is  readily  distinguished  from  other 
species  of  the  genus.  The  species  was  named  in  honor  of  the  collector. 

Eutaxocrinus  alfredi  sp.  nov. 

(Plate  XXIII,  figures  1,  2) 

This  species  is  represented  by  a specimen  of  medium  size,  the 
holotype,  and  a partially  preserved  crown  provisionally  referred  here. 
The  description  is  based  largely  upon  the  holotype.  Crown  broad, 
spreading  immediately  from  the  base  where  it  is  flush  with  the  top 
columnal;  height  35  mm.,  width  at  base  6.2  mm.  Calyx  about  twice  as 
wide  as  high.  Surface  smooth. 

Dorsal  cup:  Infrabasals  forming  a very  low  ring  about  .8  mm. 
high  in  the  holotype,  1 mm.  high  in  the  paratype.  Basals  small,  with 
a height  of  1.8  mm.;  in  the  holotype  one  with  a width  of  3 .7  mm.,  in 
the  paratype  3.1  mm.;  posterior  basal  not  shown.  Radials  compara- 
tively large;  in  the  holotype  an  average  one  with  a height  of  3.1  mm. 
and  a width  of  4.6  mm.,  upper  margin  strongly  arcuate;  in  the  para- 
type height  3 mm.,  width  4.3  (?)  mm. 

Tegmen  not  preserved. 

Arms  bifurcating  four  times,  divergent  to  the  fourth  bifurcation,  or 
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just  above,  where  they  become  slightly  incurved  in  the  holotype. 
In  the  paratype  strongly  incurved  at  the  tips.  Upper  margins  of  all 
brachials  strongly  arcuate.  Primibrachs  two,  wider  than  high;  the 
first  of  about  the  same  width  but  less  high  than  the  radials;  primaxil 
wider  but  also  less  high.  Secundibrachs  4 or  5 (3  in  one  ray  of  the  para- 
type); wider  than  high,  two-thirds  the  width  of  the  primibrachs.  In 
all  succeeding  bifurcations  the  arms  diminish  in  width  two-thirds, 
giving  a robust  appearance.  All  brachials  wider  than  high.  Terti- 
brachs  5 (inner)  or  7 (outer) ; quatribrachs  fewer  in  the  inner  division 
(9  to  12)  than  in  the  outer  (16)  in  the  holotype.  Paratype  shows  8 and 
1 1 quatribrachs  in  inner  divisions  of  different  rays. 

Column  well  preserved  in  the  holotype,  quite  characteristic;  stout, 
commencing  flush  with  the  base,  with  proximal  enlargement.  En- 
largement composed  of  very  thin  columnals  alternating  in  size, 
strongly  crenulated;  tapering  gradually  for  about  12  mm.,  beyond 
which  the  column  becomes  cylindrical  and  the  alternating  columnals 
increase  in  length.  Between  the  longest  columnals,  which  may  be 
regarded  as  nodals,  are  three  thinner  columnals,  the  middle  the 
longest.  Within  a short  distance  extremely  thin  columnals  appear 
between  each  two  of  these  columnals  and  the  three  original  intermedi- 
ate plates  increase  in  length,  making  every  eighth  plate  the  longest. 
This  process  of  increase  in  length  is  repeated  lower  in  the  column  mak- 
ing every  sixteenth  columnal  the  longest,  the  eighth  columnal  nearly 
as  long,  and  every  fourth  columnal  a long  one  with  three  intermediate 
ones  as  in  the  upper  part  of  the  column.  Distal  intercalated  thin 
columnals  fewer;  less  difference  in  size  between  nodals  and  other  colum- 
nals. Nodals  not  prominent,  flattened,  projecting  very  slightly. 
All  columnals  crenulated. 

Holotype  and  paratype  in  Carnegie  Museum,  numbers  7239-7240. 

Remarks:  This  species  differs  from  E.  pulcher  Springer  in  its  broad- 
spreading crown  and  lack  of  pronounced  infolding  and  in  the  character 
of  the  column.  See  remarks  under  E.  tenuiramosus  Goldring. 

Eutaxocrinus  tenuiramosus  sp.  nov. 

(Plate  XXIII,  figures  3-7) 

A moderately  large  species  represented  by  one  mature  specimen 
and  two  young.  Crown  broad,  spreading  rapidly  above  the  primi- 
brachs. Height  of  largest  specimen  more  than  57  mm. ; greatest  breadth 
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more  than  36  mm.,  breadth  at  base  not  estimated.  Height  of  smallest 
crown  23  mm.,  width  at  base  2.2  mm.  Calyx  considerably  wider  than 
high;  in  the  young  specimen  width  nearly  twice  height.  Surface 
smooth. 

Dorsal  cup:  Infrabasals  forming  a low  ring,  only  shown  in  one 
specimen,  a mold.  Basals  small,  shown  only  in  the  mold  and  the 
youngest  specimen,  an  internal  cast.  In  the  specimen  preserved  as  a 
mold  (crown  over  26.3  mm.),  an  average  basal  has  a height  of  1.3  mm. 
and  a width  of  2.2  mm. ; in  the  smallest  specimen  a height  of  1 mm.  and 
a width  of  1.3  mm.  Elongate  posterior  basal  (height  and  width  1.3 
mm.)  shown  only  in  the  smallest  specimen.  Radials  crushed  in  the 
largest  specimen ; in  the  two  smaller  shown  to  be  comparatively  large, 
wider  than  high,  with  arcuate  upper  margin. 

Tegmen  not  preserved.  First  of  series  of  anal  plates  shown  above 
the  posterior  basal. 

Arms  tapering  rapidly  above  primibrachs  and  not  infolding  in  that 
part  preserved.  Secundibrachs  half,  or  slightly  more  than  half,  the 
width  of  the  primibrachs,  longer  than  wide;  all  brachials  in  divisions 
above  about  half  the  width  (or  less)  of  those  of  the  preceding  division, 
and  all  longer  than  wide.  Upper  margins  of  all  brachials  strongly 
arcuate;  well  shown  in  the  mold.  Above  tertibrachs  in  the  mold,  the 
brachials  are  shown  to  be  distinctly  angular  in  the  median  line; 
tertibrachs  somewhat  angular  in  some  divisions. 

Primibrachs  two,  wider  than  high,  smaller  than  the  radials.  Secundi- 
brachs 3 or  4 in  the  two  smaller  specimens;  usually  4,  in  one  division 
5,  in  the  largest  specimen.  Number  of  brachials  in  ranks  above 
varies;  larger  in  the  outer  divisions.  In  the  largest  specimen,  the 
tertibrachs  number  7 for  inner  divisions,  9 for  outer;  quatribrachs  9 
or  10  for  inner  divisions,  14  or  15  for  the  outer.  In  the  mold,  the 
tertibrachs  number  5 for  the  inner  divisions,  5,  6 or  7 for  the  outer; 
quatribrachs,  9 or  10?  for  the  inner  divisions,  not  accurately  deter- 
minable for  outer,  15?  in  one  division.  In  the  smallest  specimen, 
tertibrachs  number  5 for  the  inner  divisions  in  two  arms,  7 for  the  outer 
in  one  arm,  8 in  another;  quatribrachs,  10  for  the  inner  divisions  in 
two  arms;  15  in  one  outer  division  with  the  others  undeterminable. 

Column  preserved  for  10  cm.  in  the  largest  specimen;  with  6.2  mm. 
of  proximal  portion  with  the  mold.  Column  commences  flush  with 
base,  with  a very  slight  proximal  enlargement.  Very  thin,  crenulated 
columnals,  alternating  in  size  for  6 or  7 mm.  Below  are  distinct 
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nodals  with  a thin  median  projection  separated  by  three  shorter 
columnals,  the  middle  one  with  a less  prominent  thin  projection. 
Distal  of  this  these  three  columnals  become  more  prominent  and  have 
developed  a beaded  edge  on  the  thin  median  projection,  which  is 
shown  less  distinctly  on  the  nodals.  Margins  of  all  columnals  strongly 
crenulate. 

Cotypes  in  the  Carnegie  Museum,  numbers  7241-7245. 

Remarks:  This  species  is  readily  distinguished  from  E.  alfredi 
Goldring  by  the  more  slender  arms  (hence  the  name)  with  no  apparent 
infolding  and  the  longer  brachials  and  the  character  of  the  column. 

Order  INADUNATA  Wachsmuth  and  Springer 
Anamesocrinus  lutheri  Goldring 
(Plate  XXIV,  figures  1-9) 

Anamesocrinus  lutheri  Goldring.  N.  Y.  State  Mus.,  Mem.  XVI,  pp.  324-326,  pi. 

40,  figs.  6-9;  text  fig.  53,  1923. 

The  larger  part  of  the  collection  from  Alfred  Station  consists  of 
specimens  of  Anamesocrinus  lutheri  Goldring,  a number  of  them  very 
well  preserved  and  adding  to  our  knowledge  of  the  species. 

This  collection  shows  the  species  to  be  larger  than  supposed  from 
material  previously  studied.  The  largest  calyx  studied  has  a width  at 
the  arms  of  5 mm.,  and  at  the  base  of  2 mm.  The  arms  of  this  speci- 
men are  incomplete,  but  the  crown  as  preserved  has  a length  of,  22  mm. 
Another  specimen  with  a slightly  smaller  calyx  preserves  the  crown 
for  a length  of  37.3  mm.,  even  then  incomplete. 

In  the  original  description  the  arms  were  given  as  five  to  the  ray, 
making  a total  of  twenty-five  arms.  It  was  also  noted  that  one  of  the 
smaller  specimens  (ref.  cit.,  plate  40,  figures  6,  7)  seemed  to  have  fewer 
arms  on  the  compound  radials.  Careful  study  of  the  present  collection 
shows  that  each  radial  bears  five  arms  except  the  anterior  which  is 
narrower  and  has  three.  In  two  specimens  the  left  anterolateral  supra- 
radial  might  at  first  be  interpreted  as  bearing  only  three  arms,  but  closer 
observation  shows  the  radials  in  these  rays  to  be  incomplete.  The 
species,  therefore,  has  a total  of  twenty-three  arms  instead  of  twenty- 
five. 

Column:  Well  preserved  in  a number  of  specimens.  As  pointed  out 
in  the  original  description  the  columnals  gradually  grow  longer  below 
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the  enlarged  proximal  portion  composed  of  very  thin  columnals  until 
in  the  more  distal  portions  of  the  stem  they  are  three  or  more  times 
the  length  of  the  proximal  columnals.  Distinct  nodal  columnals  are 
also  developed  distally  with  three  internodals  between,  the  middle  one 
often  longer  than  the  other  two. 

Hypotypes  in  the  Carnegie  Museum,  numbers  7246-7254. 
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EXPLANATION  OF  PLATE  XXII 
Eutaxocrinus  elleri  sp.  nov. 

1.  Mold  of  holotype,  showing  the  character  of  the  crown  and  column,  X i. 

2.  The  same  with  specimen  replaced. 

3.  Counterpart  (X  1)  of  figure  2.  Both  views  show  the  strongly  enrolled 
arm  extremities. 

4.  The  same  with  specimen  replaced  (X  1),  counterpart  of  figure  1. 

5.  A broken  specimen  (X  1)  showing  well  the  enrollment  of  the  arms. 

6.  Young  specimen  (X  1)  with  comparatively  large  radials  and  primi- 
brachs.  Proximal  portion  of  column  of  the  character  of  that  shown  in 
figure  7. 

7.  Very  young  specimen,  X 1.  Proximal  enlargement  of  column  broken 
away,  distal  portion  well  shown. 

8.  Distal  portion  of  column  of  same,  X 2. 

),  10.  Pieces  of  column  referred  to  this  species. 
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Fig.  i. 
Fig.  2. 

Figs.  3, 

Fig.  5. 

Fig.  6. 
Fig.  7. 


EXPLANATION  OF  PLATE  XXIII 
Eutaxocrinus  alfredi  sp.  nov. 

Holotype,  X 1.  The  character  of  the  arms  and  column  is  well  shown. 
Partially  preserved  specimen  showing  the  character  of  the  radials  and 
primibrachs  and  the  proximal  enlargement  of  the  column.  X 1. 

Eutaxocrinus  tenuiramosus  sp.  nov. 

4.  Counterparts  of  largest  specimen  (X  1),  showing  the  character  of  the 
crown  and  column. 

Mold  of  younger  specimen  (X  1)  showing  character  of  arms  and  lack 
of  proximal  enlargement  of  column. 

Plasticine  “squeeze”  of  same. 

Young  specimen  from  posterior  side,  X 2;  showing  character  of  arms 
and  elongate  posterior  basal. 
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EXPLANATION  OF  PLATE  XXIV 
Anamesocrinus  lutheri  Goldring 


Fig.  i. 

Fig.  2. 
Fig.  3. 


Specimen  ( X 2)  showing  length  and  character  of  arms  and  proximal 
enlargement  of  column. 

Broken  specimen  ( X 2) , showing  well  the  brachials  and  the  proximal 
columnal  enlargement. 

Plasticine  “squeeze”  (X  2)  of  a specimen  showing  the  right  posterior 
(at  left)  and  right  anterolateral  radials,  each  bearing  five  arms. 


Figs.  4,  5.  Mold  and  plasticine  “squeeze”  (X  2)  of  a specimen  showing  left  antero- 
lateral radial  (compound)  and  left  posterior  radial  (at  right  in 
“squeeze”),  each  bearing  five  arms. 


Fig.  6. 
Fig.  7. 

Fig.  8. 

Fig.  9. 


Mold  of  specimen  showing  portion  of  anal  tube  at  center.  X 2. 
Plasticine  “squeeze”  of  specimen  showing  posterior  side  with  the 
large  first  plate  of  the  anal  tube  resting  on  the  shoulders  of  the 
posterior  radials.  X 2. 

Mold  of  posterior  side  of  smaller  specimen  (X  2)  showing  right  posterior 
radial  (compound),  left  posterior  radial  (at  right  side),  each  bearing 
five  arms,  first  tube  plate  and  portion  of  anal  tube. 

Mold  of  anterior  side  of  same  specimen  showing  the  anterior  radial, 
bearing  three  arms,  and  the  left  anterolateral  radial,  compound  and 
bearing  five  arms  (at  left  side). 


Note.  Originals  all  from  the  Lower  Chemung  (Alfred  shale),  Alfred  Station, 
Allegany  County,  New  York,  and  in  the  collection  of  the  Carnegie  Museum, 
Section  of  Invertebrate  Paleontology. 

Photographs  by  E.  J.  Stein,  New  York  State  Museum,  Albany,  N.  Y. 
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ART.  XL  NEW  AND  PREVIOUSLY  KNOWN  MIDDLE 
DEVONIAN  CRINOIDS  OF  NEW  YORK 


By  Winifred  Goldring 
New  York  State  Museum 

Through  the  kindness  of  I.  G.  Reimann  of  the  Buffalo  Museum 
of  Science  there  have  come  into  the  hands  of  the  writer  considerable 
collections  of  crinoids  from  the  Hamilton  beds  of  Erie  and  Genesee 
Counties  which  are  in  the  possession  of  the  Buffalo  Museum  of  Sci- 
ence and  private  collectors.  A total  of  twenty-six  species  were  identi- 
fied, including  19  Camerata,  2 Flexibilia,  and  5 Inadunata.  Six  of 
these  species  are  new  and  new  observations  have  been  added  for  three 
forms  already  described. 

In  the  collection  of  Percy  R.  Powell  of  Niagara  Falls,  N.  Y.,  there 
are  a number  of  unidentifiable  specimens  of  Acanthocrinus,  possibly  a 
new  species,  from  the  Onondaga  limestone  near  Buffalo  City  Hospital. 
In  the  Federal  Crushed  Stone  Quarry,  Cheektawaga,  Erie  County, 
N.  Y.,  six  miles  east  of  Buffalo,  A.  L.  Carter  of  Kenmore,  N.  Y. 
collected  from  the  Onondaga  limestone  four  specimens  identified  as 
Lasiocrinus  sp.,  probably  new  but  too  poorly  preserved  to  warrant 
description.  Dr.  Edwin  Kirk  (Proc.  U.  S.  Nat.  Mus.,  vol.  46,  p.  482, 
1914),  in  a paper  on  the  genus  Homocrinus,  has  called  attention  to  the 
occurrence  of  a species  of  Lasiocrinus  in  the  Onondaga  of  New  York. 

Order  CAMERATA  Wachsmuth  and  Springer 
Rhodocrinus  insculptus  sp.  nov. 

(Plate  XXV,  figure  1) 

Only  one  Devonian  species  of  Rhodocrinus  has  been  previously 
described,  R.  nodulosus  Hall  with  the  var.  pernodosus  Goldring  (Hall: 
15th  Rept.  N.  Y.  State  Cab.  Nat.  Hist.,  p.  126,  1862;  Goldring:  N.  Y. 
State  Mus.  Mem.  16,  p.  89,  pi.  2,  figs.  1-6,  1923).  This  new  species, 
of  comparatively  small  size,  is  represented  by  a single,  partially 
preserved,  dorsal  cup,  readily  recognized  and  quite  distinct  from  R. 
nodulosus  or  its  variety. 
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Dorsal  cup , even  allowing  for  some  crushing,  low  and  turbinate, 
widening  rapidly  to  the  secundibrachs;  width  greater  than  height; 
interradial  and  intersecundibrach  areas  depressed. 

Infrabasals  small,  only  one  preserved,  loose.  Basals  five,  heptagonal, 
larger  than  any  of  the  other  plates,  slightly  longer  than  wide.  Radials 
slightly  smaller  than  the  basals,  the  two  posterior  ones  hexagonal,  the 
others  pentagonal.  Primibrachs  two,  smaller  than  the  radials,  the 
first  hexagonal,  wider  than  high ; primaxils  pentagonal,  wider  than  high. 
In  the  left  posterior  and  right  anterolateral  rays  the  left  half  ray 
branches  on  the  second  secundibrach ; the  right  half  ray  on  the  third 
in  the  right  anterolateral  ray;  not  shown  in  other  rays.  Only  the  first, 
fairly  large  intersecundibrach  shown.  Primary  interbrachial  in  the 
regular  interradii  smaller  than  the  radials,  followed  by  two,  three,  and 
three  plates.  Anal  interradius  showing  median  line  of  plates,  the 
first  or  anal,  larger  than  the  radials;  followed  by  three  plates  in  the 
second  series,  apparently  five  in  the  third. 

Tegmen , arms , column  not  known. 

Ornamentation:  A strong  broad  ridge  follows  each  radial  series  up 
onto  the  secundibrachs  making  the  interradial  and  intersecundibrach 
areas  appear  depressed.  Plates  of  interradial  area  ornamented  with 
comparatively  prominent  radiating  ridges,  also  seen  at  the  edges  of  the 
radials  and  primibrachs.  Basals  at  lower  edge  marked  with  an 
insignificant,  low  node. 

Holotype  in  the  collection  of  Percy  R.  Powell  of  Niagara  Falls,  N.  Y. 

Horizon  and  locality:  From  the  Hamilton  (Tichenor  or  Moscow) 
beds  in  a railroad  cut,  two  miles  east  of  Alden,  Genesee  County,  N.  Y. 

Remarks:  The  prominent  radial  ridges  and  the  radiating  ridges  on 
the  plates  of  the  interradial  series  readily  distinguish  this  species, 
which  derives  its  name  insculptus  (engraved)  from  the  character  of 
the  ornamentation. 

Gilbertsocrinus  spinonodosus  sp.  nov. 

(Plate  XXVI,  figures  2-4) 

This  species  is  represented  by  a single  calyx,  somewhat  collapsed 
but  very  distinctive  in  character.  No  accurate  measurements  of  the 
dorsal  cup  can  be  made.  The  tegmen  has  diameters  of  18  mm.  to 
19.4  mm. 

Dorsal  cup  apparently  depressed  subglobose,  somewhat  constricted 
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at  the  arm  bases  and  probably  wider  than  high.  Basal  cavity  wide 
and  apparently  deep,  the  basals  and  the  lowest  portion  of  the  radials 
forming  the  sides.  Radials  are  the  largest  plates  in  the  dorsal  cup; 
primaxils  very  little  smaller  than  the  first  primibrachs.  Primary 
interbrachials  smaller  than  the  radials  but  larger  than  the  first  primi- 
brachs, followed  in  the  regular  interradii  by  three  plates  in  the  second 
row,  usually  three  in  the  third  (four  in  right  anterior  interradius),  in 
the  anal  interradius  by  three  in  the  second,  five  in  the  third.  Due  to 
the  collapsed  condition  of  the  calyx,  just  beneath  the  arm  bases,  the 
higher  ranks  of  plates  cannot  be  studied.  Only  the  first  secundibrachs 
can  be  distinguished. 

Tegmen  roughly  pentagonal  in  outline,  low,  almost  flat,  and  marked 
with  a series  of  ridges  and  depressions.  Plates  highly  convex,  almost 
nodose  in  places,  and  large;  those  forming  the  interradial  depressions 
somewhat  smaller,  orals  a little  larger.  Interradial  depressions  five 
in  number,  the  posterior  one  at  least  twice  as  large  as  the  others  with 
the  anal  opening  occupying  the  inner  end.  Smaller  depressions  paved 
by  a few  large  plates  of  irregular  form;  more  numerous  and  smaller 
plates  in  the  anal  depression,  smaller  in  the  vicinity  of  the  anus. 

Nothing  is  known  of  the  column.  It  has  not  been  possible  to  remove 
the  filling  from  the  basal  cavity. 

Ornamentation  very  characteristic.  Spines  on  the  radials  broken  but 
shown  by  the  stumps  to  be  very  stout.  Spinose  nodes  or  tubercles 
borne  by  the  first  primibrachs,  and  conspicuous  tubercles  on  the 
primaxils.  A strong  and  rather  sharp  tubercle,  not  as  conspicuous  as 
on  the  first  primibrachs,  is  borne  by  the  primary  interbrachial,  in  the 
anal  interradius.  This  tubercle  has  been  broken  away  in  the  other 
interradii,  and  judging  by  the  stump  in  the  left  anterior  interradius 
may  have  been  there  almost  a small  spine.  All  the  plates  of  the 
interradii  bear  comparatively  strong  nodes  or  tubercles,  stronger  in 
the  anal  interradius.  Low  ridges  radiate  from  center  to  center  of  the 
plates,  particularly  in  the  interradii,  but  are  somewhat  masked  by  the 
prominence  of  the  nodes  as  is  also  the  low  ridge  traversing  the  radial 
series.  Some  of  the  plates  of  the  tegmen  also  nodose. 

Holotype  in  the  collection  of  the  Buffalo  Museum  of  Natural  Sci- 
ence. Collector  E.  Reinhard. 

Horizon  and  locality:  From  the  Hamilton  beds  (Ludlowville: 
Tichenor  limestone),  Eighteen  Mile  Creek,  Erie  County,  N.  Y. 

Remarks:  Three  species  of  Gilbertsocrinus  have  already  been 
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described  from  the  Hamilton  beds  of  New  York  State:  G.  spinigerus 
from  the  Moscow  shale,  first  described  by  Hall  (15th  Ann.  Rept. 
N.  Y.  State  Cab.  Nat.  Hist.,  p.  128,  1862)  and  more  recently  rede- 
scribed and  figured  by  the  writer  (N.  Y.  State  Mus.  Mem.  16,  p.  96, 
pi.  3,  figures  1-6,  1923),  and  G.  inter sculptus  and  G.  rarispinus  from  the 
Skaneateles  and  Moscow  shales,  respectively,  soon  to  appear  in 
a paper  by  the  writer  (A  New  Collection  of  Hamilton  Crinoids  from 
New  York).  Two  other  Hamilton  species  have  been  described:  G. 
greenei  from  Clark  County,  Indiana  (Miller  & Gurley:  Bull.  111. 
State  Mus.,  pp.  35,  40,  pi.  3,  fig.  13-15,  1895)  and  G.  alpenensis  from 
Alpena,  Michigan  (G.  M.  Ehlers:  Contr.  Mus.  Geol.  Univ.  Mich., 
vol.  2,  p.  99,  pi.  1,  figs.  1,  2,  1925).  G.  indianensis  M.  & G.  (ref.  cit. 
p.  38)  has  been  shown  by  the  writer  to  be  a synonym  of  spinigerus 
(ref.  cit.  p.  98).  G.  spinigerus  has  spines  on  the  radials,  first  primi- 
brachs  and  primary  interbrachials;  greenei  differs  from  it  in  having 
no  spine  on  the  first  primibrachs;  alpenensis  differs  in  having  no  spine 
on  the  primary  interbrachials;  inter  sculptus  has  prominent  spines  on 
the  radials  and  first  primibrachs  and  none  on  the  primary  inter- 
brachials, but  is  further  characterized  by  distinct  radiating  ridges  on 
radials  and  interradials  and  six  arms  to  the  ray  instead  of  four  as  in  the 
preceding  species;  rarispinus  has  prominent  spines  on  the  radials  only. 

G.  spinonodosus  derives  its  name  from  the  heavy  spines  on  the 
radials  and  heavy  nodes  or  tubercles  on  the  other  plates  of  the  dorsal 
cup.  These  characters,  with  the  associated  radiating  ridges,  the  shape 
of  the  dorsal  cup,  and  the  character  of  the  tegmen,  make  this  species 
quite  distinct  from  all  the  others. 

Gilbertsocrinus  multicalcaratus  sp.  nov. 

(Plate  XXVI,  figures  5,  6) 

This  is  the  largest  species  of  Devonian  Gilbertsocrinus  yet  collected, 
dwarfing  all  the  other  forms,  even  G.  inter  sculptus,  the  largest  so  far 
described,  with  a height  to  the  arm  bases  of  14  mm.  and  a greatest 
width  at  the  first  primibrachs  of  19  mm.  The  species  is  based  upon  a 
single,  crushed  specimen,  but  it  is  such  a striking  form  that  there 
could  be  no  difficulty  in  identifying  it. 

Dorsal  cup  uncrushed  would  probably  have  about  the  same  shape 
as  that  of  spinigerus,  narrowing  toward  the  arm  bases,  pentagonal  in 
cross-section.  It  is  constricted  below  the  arm  bases,  but  preserved  no 
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higher  than  the  first  secundibrach.  Height  from  rim  of  basal  depres- 
sion to  top  of  first  secundibrachs  21  mm.  Width  at  this  height  (crushed) 
19  mm.;  width  at  top  of  radials  (crushed)  30  mm.  With  the  same 
proportions  as  spinigerus  the  estimated  width  at  the  radials  would 
be  about  33  mm. ; at  the  first  secundibrachs,  about  22  mm.  All  plates 
heavy. 

Radials  are  the  largest  plates  in  the  cup;  first  primibrachs  higher 
but  narrower,  considerably  larger  than  the  primaxils.  All  interradii 
are  considerably  crushed  except  the  anal  which  is  preserved  by  the 
strong  spine  on  the  primary  interbrachial.  Primary  interbrachial 
slightly  smaller  than  the  radials,  followed  by  the  series  3,  3,  3,  3 in 
the  anal  interradius  and  with  a distinct  median  line  of  plates.  Pri- 
mary interbrachials  crushed  in  the  regular  interradii,  supporting  the 
series  3,  3,  3,  2 -where  the  plates  can  be  distinguished. 

Tegmen:  No  part  of  the  tegmen  preserved  indicating  that  it  was 
composed  of  rather  thin  plates. 

Column:  Round,  of  medium  size. 

Ornamentation:  Striking,  but  not  elaborate.  Stumps  of  stout 
spines  shown  on  the  radials  and  first  primibrachs  and  the  primary  anal 
plate.  A low  ridge  follows  the  radial  series  up  onto  the  secundibrachs, 
and  coarse  radiating  ridges  are  seen  on  the  radials.  Plates  smooth 
except  that  the  higher  ranges  of  plates  in  the  anal  interradius  show  very 
faint  ridges  extending  from  center  to  center. 

Holotype  in  the  collection  of  Percy  R.  Powell,  of  Niagara  Falls,  N.  Y. 

Horizon  and  locality : From  the  Hamilton  (Moscow  shale:  Kashong) 
beds  at  East  Bethany,  Genesee  County,  N.  Y. 

Remarks:  See  Remarks  under  G.  spinonodosus.  The  size  and  shape 
of  the  dorsal  cup,  the  size  and  arrangement  of  the  spines  and  the 
general  character  of  the  plates  of  the  cup  will  readily  distinguish  this 
species.  The  name,  multicalcar atus  (many  spurred),  is  derived  from 
the  many  stout  spines. 

Melocrinus  gracilis  Wa'chsmuth  and  Springer 
(Plate  XXV,  figure  2) 

1897.  Melocrinus  gracilis  Wachsmuth  & Springer.  N.  Amer.  Crin.  Cam.,  i:  298; 

pi.  22,  fig.  5 (author’s  ed.) ; Mem.  Mus.  Comp.  Zool.,  V.  20. 

1903.  Melocrinus  gracilis  Clarke  & Ruedemann.  N.  Y.  State  Mus.  Bull.  65,  p.  74. 

1904.  Melocrinus  gracilis  Clarke  & Luther.  N.  Y.  State  Mus.  Bull.  63,  p.  52. 
1923.  Melocrinus  gracilis  Goldring.  N.  Y.  State  Mus.  Mem.  XVI,  p.  136,  pi.  13,  fig.  6. 
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The  holotype  in  the  New  York  State  Museum  is  a medium  sized 
calyx  in  a rather  crushed  condition.  It  does  not  show  the  anal  inter- 
radius; and  only  the  first  three  ossicles  of  one  arm  trunk  are  shown. 

A specimen  loaned  by  Irving  G.  Reimann  from  the  collection  of  the 
Buffalo  Museum  of  Science  shows  a fairly  complete  dorsal  cup . Un- 
crushed cup  with  a height  of  13  mm.,  practically  that  of  the  holotype, 
and  a width  at  the  arm  bases  of  18.3  mm.  to  20.4  mm.  Pyramidal 
shape  well  shown  as  well  as  the  pentagonal  cross-section  due  to  the 
conspicuous  ridges  which  extend  up  the  radial  series  and  the  depressed 
interbrachial  areas. 

In  the  regular  interradii  the  hexagonal  primary  interbrachial  is 
followed  by  two  plates  in  the  second  row,  three  in  the  third,  usually 
four  in  the  fourth,  etc.,  merging  insensibly  with  the  tegmen  plates. 
In  the  anal  interradius  the  primary  interbrachial  is  heptagonal,  and 
the  succession  is  1,  3,  4,  6,  7 or  8,  merging  into  the  many  small  plates 
of  the  tegmen. 

A very  small  intersecundibrach,  separating  the  first  secundibrachs 
only,  is  well  shown  in  four  rays. 

Tegmen:  Lower  plates  of  the  tegmen  shown  only  in  two  regular 
interradii  and  anal  interradius,  and  are  as  described  for  the  type 
except  that  no  tubercle  was  observed  at  the  center  of  any  of  them. 

Arms , missing  entirely  in  the  holotype,  are  partially  preserved  in 
this  specimen  in  two  rays,  22  mm.  of  the  main  trunk  in  one  and  por- 
tions of  about  the  same  length  in  another.  In  the  left  posterior  ray 
five  ossicles  of  the  auxiliary  arm  are  shown,  the  first  two  quadrangular 
and  the  other  three  slightly  wedge-shaped;  in  the  left  anterolateral 
ray  the  auxiliary  arm  is  preserved  to  a length  of  four  ossicles.  The 
main  trunk  is  deeply  grooved  on  the  dorsal  side  and  composed  of  short 
ossicles,  three  in  2 mm.  The  first  arm  is  borne  by  the  sixth  ossicle  of 
the  main  trunk.  A break  obscures  the  origin  of  the  second  which 
appears  however  to  have  been  attached  to  the  ninth.  Stumps  of 
spines  are  shown  on  the  twelfth  pair  of  ossicles  in  both  arm  trunks, 
and  in  one,  again  on  the  ninth  pair  beyond.  In  the  left  anterolateral 
ray  the  main  trunk  preserves  parts  of  two  uniserial  arms  with  quad- 
rangular brachials  which  bear  on  the  dorsal  side,  at  long  intervals  (10 
or  12  ossicles  so  far  as  preserved),  small  spines  or  spinose  tubercles. 
A few  pinnules  are  poorly  preserved;  they  are  slender  and  may  be 
angular. 
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Column:  The  column  is  not  present;  and  a portion  of  the  basal 
ring  is  missing. 

Ornamentation:  There  is  little  to  add  in  the  matter  of  ornamenta- 
tion. All  ossicles  of  arm  trunks,  arms,  and  auxiliary  arms  have  finely 
crenulate  edges.  In  the  dorsal  cup  the  plates  of  the  radial  series  show 
finely  crenulate  edges,  and  some  of  the  plates  of  the  interradii  show 
this  character  distinctly.  In  the  description  of  the  holotype  this 
feature  was  not  noted,  but  re-study  shows  the  presence  of  crenulate 
edges  on  some  of  both  radial  and  interradial  plates,  particularly  well 
shown  on  the  secundibrachs.  The  tegminal  plates  of  the  holotype 
and  the  lower  tegminal  plates  of  this  specimen  do  not  show  this  fine 
crenulation,  but  it  may  be  present  and  only  obscured.  The  specimen 
under  discussion  shows  slight  pittings  at  the  angles  of  the  plates  of  the 
dorsal  cup,  less  conspicuous,  however,  than  in  the  holotype.  A slight 
depression  is  present  at  the  center  of  the  plates  of  the  interradii  and 
these  and  the  radial  plates  show  flattened  margins,  slightly  raised  in 
places,  a feature  only  suggested  in  the  holotype  and  probably  developed 
with  the  thickening  of  the  plates.  Inconspicuous  tubercles  are  present 
on  the  primaxils  and  suggested  on  one  of  the  first  primibrachs;  they 
are  not  present  on  the  first  secundibrachs  as  in  the  holotype. 

Horizon  and  locality:  The  holotype  is  from  the  Hamilton  (Moscow 
shale)  beds,  Canandaigua  Lake,  N.  Y. ; the  specimen  owned  by  the 
Buffalo  Museum  of  Science  was  collected  by  Irving  G.  Reimann 
from  the  Moscow  (Kashong)  at  East  Bethany,  Genesee  County,  N.  Y. 

Melocrinus  powelli  sp.  nov. 

(Plate  XXV,  figures  3,  4;  plate  XXVI,  figure  1) 

Melocrinus  sp.  nov.  Goldring.  N.  Y.  State  Mus.  Mem.  16,  p.  142,  pi.  15,  fig.  8,  1923. 

A column  of  this  species  was  described  and  figured  by  the  writer  as 
Melocrinus  sp.  nov.  It  was  found  occurring  on  the  same  slab  with  a 
tubular  appendage  ornamented  with  spines  on  the  main  trunk  and 
uniserial  arms.  The  ossicles  composing  the  main  trunk,  and  the 
brachials  of  the  uniserial  arms  as  well,  show  edges  as  markedly  crenu- 
late as  those  of  the  columnals  of  the  associated  stem,  hence  they  were 
provisionally  referred  to  the  same  species,  a designation  strengthened 
by  the  fact  that  the  same  type  of  column  was  found  on  two  other 
slabs  from  the  same  locality  associated  with  small  arm  fragments  of  the 
same  type. 
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In  a collection  of  Devonian  crinoids  loaned  by  Percy  R.  Powell 
of  Niagara  Falls,  N.  Y.,  is  a column  of  this  species  attached  to  a 
poorly  preserved  dorsal  cup  and  a fairly  complete  tegmen  from  the 
same  locality,  believed  to  belong  to  the  same  species. 

Dorsal  cup  is  of  moderately  large  size  with  a height  to  the  arm 
bases  of  20.7  mm.  No  measurements  of  width  can  be  made  because  of 
the  crushed  condition  of  the  cup,  which  appears  to  have  been  pyram- 
idal with  a broadly  pentagonal  cross-section  due  to  low  ridges  on  the 
radial  series  and  depressed  interradial  areas.  Basals  forming  a low 
cup,  each  basal  about  three  times  as  wide  as  high  and  projecting  some- 
what beyond  the  column  at  the  lower  edge.  Radials  large,  hexagonal, 
wider  than  high,  the  lower  lateral  faces  being  the  longer.  Typical 
plate  with  a width  of  6.2  mm.  and  a height  of  4.3  mm.  There  is  a 
gradual  decrease  in  size  in  the  radial  plates  though  both  the  first 
primibrachs  and  primaxils  are  still  of  good  size,  the  former  hexagonal, 
the  latter  pentagonal  and  bearing  2x5  secundibrachs.  A typical 
primibrach  is  5.4  mm.  wide  and  4.4  mm.  high;  a typical  primaxil 
has  a width  of  4.5  mm.  and  a height  of  4.2  mm.  Secundibrachs  shown 
only  in  two  rays.  First  secundibrachs  large,  hexagonal,  one  plate 
measuring  4.2  mm.  in  width  and  3.3  mm.  in  height.  Only  secundaxil 
shown  hexagonal  in  shape,  with  a width  of  4.2  mm.,  a height  on  the 
inside  of  1.5  mm.,  on  the  outside  of  2.2  mm. ; bearing  on  the  upper  inner 
face  the  first  plate  of  half  the  tubular  arm,  on  the  upper  outer  face  the 
first  plate  of  an  auxiliary  arm.  There  is  no  intersecundibrach ; first 
secundibrachs  and  secundaxils  of  each  half  ray  join  in  the  median  line 
with  crenulated  sutures. 

Parts  of  two  regular  interradii  are  shown.  Primary  interbrachial 
smaller  than  the  primibrachs,  hexagonal,  and  followed  by  two  plates 
in  the  second  row,  three  in  the  third,  and  apparently  four  in  the  fourth. 

Tegmen:  Only  a few  plates  of  the  tegmen  are  preserved  with  the 
dorsal  cup  but  there  is  an  indication  that  it  is  highly  arched.  The 
separate  tegmen  found  at  the  same  locality  has  been  provisionally 
referred  to  this  species  because  an  elevated  tegmen  has  been  suggested 
by  the  other  specimen  and  in  one  radius  an  arm  base  is  preserved 
which  resembles  that  of  this  species  in  the  shape  and  size  of  the  secundi- 
brachs, the  absence  of  an  intersecundibrach,  the  presence  of  an 
auxiliary  arm  and  the  strong  crenulation  of  all  the  plates.  Strong 
crenulation  of  all  the  tegminal  plates  is  another  feature  linking  the  two 
specimens.  Tegmen  highly  arched  as  in  M.  gracilis , 21.1  mm.  high, 
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and  composed  of  numerous  small  plates,  somewhat  elevated  at  the 
apex  and  in  line  with  what  is  considered  the  anal  interradius  where 
they  are  also  noticeably  larger. 

Arms:  Little  of  the  arms  is  preserved  in  the  two  specimens  under 
discussion.  With  the  tegmen  in  one  ray  are  preserved  five  quad- 
rangular plates  of  the  auxiliary  arm.  Dorsal  cup  in  one  ray  preserves 
ii  ossicles  (10.3  mm.)  of  half  of  a tubular  arm  which  appears  to  be 
deeply  grooved  dorsally.  A uniserial  arm  with  quadrangular  brachials 
is  borne  by  the  sixth  and  again  by  the  tenth  ossicle,  the  arm-bearing 
brachials  being  longer  than  the  others.  All  arm  plates  are  strongly 
crenulate.  So  far  as  preserved  this  arm  resembles  the  arm  trunk 
originally  linked  with  the  column  of  this  species  (ref.  cit.)  and  which 
may  still  be  considered  as  belonging  to  it.  This  tubular  arm,  preserved 
for  100  mm.,  and  even  then  incomplete,  is  deeply  grooved  on  the  dorsal 
side  and  very  flexible.  Double  rows  of  ossicles  short  and  broad  with 
strongly  crenulate  edges.  Uniserial  arms  given  off  on  each  side  from 
every  third  ossicle  (fourth  in  one  place),  which  in  every  case  is  longer 
than  the  others.  Brachials  quadrangular,  broader  than  long,  with 
crenulate  edges;  each  bearing  a pair  of  long,  delicate  pinnules, composed 
of  long  pinnulars  with  a dorsal  carina  which  gives  them  an  angular  ap- 
pearance. Strong  spines  on  both  the  main  trunk  and  the  arms;  on  the 
main  trunk  borne  in  each  half,  usually  by  every  ninth  ossicle,  with 
intermediate  arm-bearing  ossicles  sometimes  showing  a faint  tubercle. 
Spines  not  paired,  of  each  two  the  one  on  the  left  side  is  borne  by  the 
third  ossicle  above  the  one  on  the  right  side.  First  spine  on  the  right 
side  on  the  twelfth  ossicle  above  the  secundaxil.  Spines  on  arms 
irregularly  spaced,  closer  together  nearer  the  extremities;  intermediate 
brachial's  in  places  show  small  tubercles.  Auxilary  arm  borne  by  the 
secundaxil  showing  five  quadrangular  plates  with  crenulate  edges. 

Column  very  striking  and  preserved  to  a length  of  about  15  cm.; 
composed  of  nodes  and  internodes.  There  are  two  sizes  of  nodals,  the 
larger  ones  projecting  considerably  and  ornamented  with  strongly 
developed  nodes  or  tubercles  which  give  an  ’almost  spinose  apearance 
to  the  nodals.  Midway  between  the  heavier  nodals  are  minor  ones 
that  project  slightly  and  have  a knifelike  edge.  Internodals  very 
short;  in  the  lower  portion  of  the  column  three  between  each  minor 
nodal  and  the  large  nodal  above  and  below,  the  middle  one  of  the 
three  being  noticeably  longer.  In  the  upper  portion  of  the  column 
usually  only  two  internodals  between  the  minor  and  heavy  nodals;  for 
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about  35  mm.  below  the  dorsal  cup  usually  only  one.  Edges  of  all 
columnals  strongly  crenulate. 

Ornamentation  consists  largely  of  the  spines  and  tubercles  on  the 
arms  and  column,  the  low  radial  ridges  and  the  crenulate  edges  of 
all  plates.  There  is  a suggestion  of  a granulose  surface  on  a few  of  the 
plates  of  the  dorsal  cup,  though  most  of  them  appear  quite  smooth. 
One  of  the  few  scattered  tegminal  plates  has  a tiny  central  tubercle. 

Horizon  and  locality:  The  original  types  are  from  the  Hamilton 
(Moscow  shale)  beds,  Cashong  Creek,  Bellona,  N.  Y.  The  two  speci- 
mens in  the  Powell  collection  are  also  from  the  Moscow  shale,  Bowen 
Creek,  Genesee  County,  N.  Y. 

Remarks:  The  tegmen  and  arm  trunk  referred  to  this  species  bears 
a strong  resemblance  to  that  of  M.  gracilis.  The  tegminal  plates, 
however,  in  general  show  no  central  tubercles  and  the  spines  on  the 
arm  trunk  have  a different  arrangement.  Dorsal  cup  in  this  species 
broader,  with  less  prominent  radial  ridges;  plates  proportionately 
larger  and  showing  no  tubercles.  Columns  in  the  two  forms  are  quite 
distinct.  Column  of  powelli  strongly  resembles  that  of  M.  naplesensis 
from  the  Portage  beds,  but  there  is  no  resemblance  otherwise  between 
the  two  species. 

The  species  has  been  named  in  honor  of  Percy  R.  Powell  from 
whose  collection  the  two  Bowen  Creek  specimens  were  obtained  for 
study. 

Gennaeocrinus  similis  sp.  nov. 

(Plate  XXVI,  figures  7,  8) 

Though  represented  by  a single,  partially  preserved  cup,  there  are 
enough  distinctive  characters  shown  in  the  specimen  to  assure  identifi- 
cation of  more  complete  material. 

Dorsal  cup  of  medium  size  and  probably  would  be  somewhat 
narrowly  bowl-shaped.  Three  equal  basals  thickened  and  projecting 
in  a trilobate  rim.  Radials  hexagonal  or  heptagonal,  slightly  wider 
than  high.  Primimbrachs  hexagonal,  shorter  and  less  wide  than  the 
radials.  Nothing  preserved  above  this.  Primary  interbrachial  hexa- 
gonal, larger  than  the  first  primibrachs,  followed  by  two  plates.  First 
anal  plate,  heptagonal,  larger  than  the  radials,  followed  by  three 
large  plates  in  the  second  row. 

Column  round,  apparently  with  a pentalobate  axial  canal. 

Ornamentation  quite  characteristic.  The  entire  surface,  so  far  as 
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preserved  is  finely  reticulate,  a character  particularly  well  shown  in 
the  anal  interradius.  Each  projecting  basal  with  edge  prolonged  into 
three  more  or  less  sharp  points  or  tubercles,  roughly  marking  the 
terminations  of  the  ridges  from  the  centers  of  the  radials  and  first  anal 
to  the  basals.  A continuous  ridge  traverses  the  plates  of  the  radial 
series,  rising  into  low  nodes  at  the  centers  of  the  radials  and  apparently 
of  the  first  primibrachs  also.  Strong  ridges  extend  from  center  to 
center  of  radials  and  first  anal  and  from  these  centers  also  to  the  three 
upper  faces  of  each  basal  roughly  terminating  in  the  tubercles  men- 
tioned above.  With  this  arrangement  two  ridges  extend  to  each 
of  two  basals  from  the  first  anal  and  the  right  and  left  anterolateral 
radials.  The  ridges  in  the  anal  interradius  are  stronger  and  also  the 
central  node  on  the  first  anal.  Faint  ridges  extend  from  the  first 
anal  to  the  small  nodes  at  the  centers  of  the  three  plates  in  the  series 
above.  Each  primary  interbrachial  shows  a fairly  prominent  central 
node,  incipient  ridges  on  the  lower  part  of  the  plate  and  granules, 
which  are  likewise  sparsely  scattered  over  the  other  plates.  Seen 
from  the  base  the  ridges,  extending  from  center  to  center  of  radials 
and  first  anal,  form  a prominent  six-sided  figure. 

Holotype  in  the  collection  of  Percy  R.  Powell  of  Niagara  Falls,  N.  Y. 

Horizon  and  locality:  From  the  Hamilton  (lower  Moscow?)  beds 
in  the  railroad  cut  two  miles  east  of  Alden,  Genesee  County,  N.  Y. 

Remarks:  The  ornamentation  of  this  species  is  very  similar  to  that 
of  G.  peculiaris  Goldring,  also  from  the  Moscow  shale,  hence  the  name. 
G.  similis  is  readily  distinguished  by  the  projecting  radials  each  with 
three  sharp  points  or  tubercles,  the  arrangement  of  the  ridges,  the 
reticulate  character  of  the  surface  of  the  plates,  and  the  absence  of  the 
prominent  concave-faced,  three-sided  pyramids  formed  by  the  radiat- 
ing ridges  on  the  radials  and  first  anal  of  G.  peculiaris. 

Cyttarocrinus  jewetti  Goldring 
(Plate  XXVII,  figures  i,  2) 

1872.  Platycrinus  eboraceus  (in  err.)  Hall.  N.  Y.  State  Mus.  Bull,  i,  pi.  I,  figs. 

16,  17. 

1923.  Cyttarocrinus  (?)  jewetti  Goldring.  N.  Y.  State  Mus.  Mem.  XVI,  pp.  271- 

273.  pl-  36,  figs.  3-5. 

This  species  was  based  upon  a badly  crushed  dorsal  cup,  and  was 
provisionally  placed  in  the  genus  Cyttarocrinus  with  C.  eriensis  (Hall) 
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because  the  tegmen  and  arms  were  unknown.  The  writer  has  recently 
had  for  study  two  uncrushed  cups  from  the  collection  of  Percy  R. 
Powell  of  Niagara  Falls,  N.  Y.,  and  was  able  to  work  out  the  arms  in 
two  rays  of  the  larger  specimen. 

Dorsal  cup  is  narrowly  bowl-shaped,  with  straight  sides  formed 
by  the  radials  and  a low,  broadly  expanding  basal  cup.  The  larger 
cup  has  a height  of  13.7  mm.,  a breadth  at  the  arms  of  13.4  mm.;  the 
smaller  cup,  a height  of  1 1.8  mm.  and  a breadth  at  the  arms  of  1 1.3  mm. 
Measurements  are  taken  from  the  larger  specimen.  The  radials  are 
long  and  comparatively  narrow  (average:  height  to  facet,  9.6  mm.; 
breadth  at  top,  7.8  mm.;  breadth  at  base,  7.2  mm.;  breadth  of  facet, 
4.5  mm.),  one  apparently  narrower  at  the  top.  Radials  almost  flat 
along  the  lower  margin,  becoming  more  elevated  and  rounded  in  the 
median  line,  making  the  center  of  the  facet  rim  the  most  elevated. 
The  radials  are  sharply  notched  for  the  interradial  tegminal  plates. 
These  are  hexagonal  in  shape,  an  average  one  measuring  3.6  mm.  wide 
by  2.2  mm.  high;  abutting  with  the  two  lateral  faces  on  the  first  primi- 
brachs,  with  the  two  upper  faces  apparently  against  large  orals.  The 
plate  in  the  anal  interradius  is  noticeably  larger. 

Two  primibrachs,  the  first  4.5  mm.  wide  at  the  base  and  2 mm. 
long;  primaxil  4.4  mm.  wide  and  2.2  mm.  long,  the  tip  prolonged  into 
a spine  at  least  1.7  mm.  long.  First  two  brachials  of  arms  roughly 
hour-glass  shaped  as  in  C.  eriensis , 2.1  mm.  wide  and  1.6  mm.  long; 
followed  by  a shorter  one  of  the  same  type  and  then  about  eleven  short 
quadrangular  plates.  Thin  wedge-shaped  plates  succeed  these  and 
in  the  distal  portion  of  the  arms  the  plates  assume  a distinct  zigzag 
arrangement.  Nowhere  is  the  arm  strictly  biserial,  so  far  as  preserved. 
Pinnules  borne  from  the  first  brachial  on;  stout  and  with  remarkably 
long  ossicles  as  in  the  genotype.  The  arms  are  not  bifurcating  above 
primaxils.  They  are  preserved  to  a length  of  42  mm.  but  could  have 
been  at  least  60  mm.  long. 

The  margins  of  the  primibrachs  and  first  large  brachials  show 
distinctly  a coarse  crenulation  like  that  shown  on  the  stem  cicatrix. 
Some  of  the  quadrangular  and  wedge-shaped  brachials  show  it  less 
distinctly.  This  character  is  also  shown  by  the  brachials  of  eriensis • 

Seventeen  millimeters  of  column  are  shown  in  the  rock  alongside 
the  smaller  specimen.  It  is  composed  of  short  columnals  with  strongly 
crenate  margins,  the  articulating  surfaces  resembling  that  of  the 
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cicatrix  and  with  the  same  diameter.  This  is  believed  to  be  a piece 
of  the  column  of  this  species,  perhaps  this  specimen. 

Ornamentation:  Except  for  the  long  spine  on  the  primaxil  this 
species  has  practically  no  ornamentation.  The  plates  which  appear 
smooth  are  found  to  be  finely  granular  under  high  magnification. 

Horizon  and  locality:  Hamilton  (lower  Moscow  shale)  beds,  from 
the  small  stream  two  miles  south  of  West  Alden,  Erie  County,  N.  Y. 

Remarks:  The  peculiar  and  diagnostic  characters  of  the  genus 
Cyttarocrinus  are  shown  by  the  arms:  two  primibrachs  and  arms 
unbranched  above  this.  C.  jewetti  is  retained  in  this  genus  because 
it  shows  enough  characters  in  common  with  C.  eriensis  to  warrant  its 
retention.  The  genus  then  contains  one  species  with  uniserial  arms 
and  another  in  which  the  brachials  change  from  a uniserial  arrange- 
ment in  the  proximal  portion  to  a zigzag  arrangement  in  the  distal 
portion,  a condition  pointing  the  way  to  the  biserial  character  of  the 
arms  of  the  later  representatives  of  the  Platycrinidae. 


Order  INADUNATA  Wachsmuth  and  Springer 
Botryocrinus  crassus  (Whiteaves) 

(Plate  XXVII,  figure  3) 

1887.  Homocrinus  crassus  Whiteaves.  Contr.  Can.  Pal.  v.  1,  pt.  2,  (advanced 
sheets)  p.  95;  1889,  pi.  12,  fig.  2. 

1889.  Homocrinus  crassus  S.  A.  Miller.  N.  Amer.  Geol.  & Pal.,  p.  255. 

1893.  Botryocrinus  crassus  Bather.  Crin.  Gotland,  pt.  I,  p.  103. 

1898.  Botryocrinus  crassus  Whiteaves.  Contr.  Can.  Pal.,  v.  1,  pt.  5,  p.  375. 

1901.  Botryocrinus  crassus  Shimer  & Grabau.  Bull.  Geol.  Soc.  Amer.,  13:  185. 
1906.  Botryocrinus  crassus  Bather.  Ottawa  Naturalist,  20,  No.  5:  101. 

1923.  Botryocrinus  crassus  Goldring.  N.  Y.  State  Mus.  Mem.  XVI,  pp.  365-367, 
pi.  47,  figs.  7,  8. 

B.  crassus  has  hitherto  been  known  only  from  the  Hamilton  beds’ 
near  Thedford,  Ontario.  In  the  collection  of  Percy  R.  Powell  of 
Niagara  Falls,  N.  Y.,  is  a partial  dorsal  cup,  preserving  the  infrabasals 
and  basals.  The  cup  is  bell-shaped.  The  flaring  upper  portion  of  the 
basals,  due  to  very  slight  constriction  at  just  about  the  middle,  is  well 
shown  and  the  thick  cup  plates  are  all  rounded  toward  the  sutures. 

The  holotype  shows  slight  traces  of  shagreen  ornamentation  on  the 
posterior  basal  and  anterior  radial ; the  specimen  under  discussion  shows 
this  character  very  distinctly  on  all  the  infrabasals  and  basals. 
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Horizon  and  locality : From  the  Hamilton  beds  (Ludlowville : 
Wanakah  member,  Demissa  beds),  Highland  Acres,  Erie  County, 
N.  Y. 

Poteriocrinus  kopfi  sp.  nov. 

(Plate  XXVII,  figures  4-1 1) 

Species  based  upon  a series  of  nine  dorsal  cups  ranging  in  height 
from  4.4  mm.  to  12.9  mm.,  all  slightly  higher  than  wide.  Width  at 
arm  facets  about  two  and  a half  times  the  width  at  the  base. 

Dorsal  cup  somewhat  bell-shaped,  swelling  to  the  top  of  the  basals 
where  there  is  a slight  constriction;  expanding  again  from  here  to 
the  radial  facets.  Cup  plates  thick  and  rounded  toward  the  sutures, 
particularly  in  older  specimens. 

Infrabasals  large,  pentagonal,  slightly  higher  than  greatest  width, 
the  lower  lateral  faces  the  longer.  Basals  are  the  largest  plates  in  the 
cup,  height  and  greatest  width  about  equal;  hexagonal,  except  the 
two  posterior  ones  which  support  the  anal  plates  and  are  heptagonal. 
Radials  shorter  than  the  basals,  width  and  greatest  height  about 
equal  (5  mm.  in  typical  plate  of  second  largest  specimen);  height  to 
facet  considerably  less  (3.7  mm.  in  same  plate).  Anterior  radial 
noticeably  smaller.  Facets  for  reception  of  primibrachs  curved  and 
occupying  a little  over  two-thirds  of  the  width  of  the  radials.  Radianal 
large,  larger  than  anal  x;  pentagonal,  the  three  upper  faces  bordered 
by  anal  x,  right  tube  plate  and  right  posterior  radial,  two  lower  faces 
resting  upon  the  posterior  and  right  posterolateral  basals.  Anal  x 
extends  slightly  above  the  upper  line  of  the  radials.  Hexagonal, 
bordered  at  the  left  by  the  left  posterior  radial,  at  the  right  by  the 
right  tube  plate  and  radianal;  below  rests  upon  the  posterior  basal 
and  above  bears  the  middle  and  left  tube  plates  which  are  followed  in 
one  specimen  by  a few  roughly  hexagonal  tube  plates. 

Tegmen  not  preserved.  The  largest  specimen  shows  the  first  large 
interradial  plate,  of  about  the  size  of  the  anal  x. 

Arms:  Of  the  arms  only  the  primibrachs  are  preserved  in  any  of 
the  specimens,  two  in  the  right  posterior  radius  of  the  largest  speci- 
men, the  second  not  axillary.  Primibrachs  quadrangular,  twice  as 
wide  as  high. 

Column  preserved  for  about  4 mm.  in  the  largest  specimen,  less 
in  two  others;  subpentangular,  angles  interradial.  Columnals  alter- 
nately thinner  and  thicker  with  rounded  edges. 
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Ornamentation  characteristic  but  not  striking.  Surface  of  all  plates 
of  dorsal  cup  finely  papillose,  a character  not  always  well-preserved. 
Low  rounded  ridges  extend  along  the  length  of  the  basals,  branching 
to  the  radials,  infrabasals  and  anals  and  creating  three  distinct  groups 
of  depressions  along  the  sutures  between  basals,  radials  and  infra- 
basals. Ridges  and  depressions  conspicuous  only  in  older  specimens. 

Cotypes  in  the  collections  of  the  Buffalo  Museum  of  Natural  Sci- 
ence (I.  G.  Reimann,  collector),  M.  J.  Kopf  of  Lancaster,  N.  Y.,  and 
Percy  R.  Powell  of  Niagara  Falls,  N.  Y. 

Horizon  and  locality:  From  the  Hamilton  beds  (lower  Moscow) 
Eleven  Mile  Creek,  Darien,  Genesee  County,  N.  Y. ; Moscow  at  White 
Creek,  East  Bethany,  N.  Y.;  Moscow  (Kashong  member),  tileyard  at 
East  Bethany,  Genesee  County. 

Remarks:  Specific  name  given  in  honor  of  one  of  the  collectors, 
M.  J.  Kopf.  The  species  bears  the  closest  resemblance  to  P.  dignatus 
Goldring  from  which  it  is  distinguished  by  the  ridges  and  papillose 
surface  of  the  dorsal  cup. 
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EXPLANATION  OF  PLATE  XXV 
Rhodocrinus  insculptus  sp.  nov. 

Baso-lateral  view  of  dorsal  cup,  right  anterolateral  ray  directed  up- 
ward, X 2. 

Tichenor  (Ludlowville)  or  Lower  Moscow;  Railroad  cut  two  miles 
east  of  Alden,  Genesee  Co.,  New  York. 

Melocrinus  gracilis  W.  & Sp. 

Lateral  view  of  dorsal  cup,  showing  the  dorsal  side  of  two  arm  trunks 
with  parts  of  arms,  X i.  Anal  interradius  at  right.  Collection  of  Buffalo 
Museum  of  Science;  I.  G.  Reimann,  collector.  Moscow  (Kashong 
member);  East  Bethany,  Genesee  Co.,  New  York. 

Melocrinus  powelli  sp.  nov. 

Lateral  view  of  dorsal  cup  showing  part  of  an  arm  trunk  and  several 
centimeters  of  characteristic  column,  X i.  Moscow;  Bowen  Creek. 
Genesee  Co.,  New  York. 

Tegmen  of  another  specimen  referred  to  this  species.  X i.  Moscow; 
Bowen  Creek,  Genesee  Co.,  New  York. 
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EXPLANATION  OF  PLATE  XXVI 
Melocrinus  powelli  sp.  nov. 

Arm  trunk  referred  to  this  species.  Type  No.  — in  New  York 
State  Museum,  X i.  Moscow;  Cashong  Creek,  Bellona,  Yates  Co., 
New  York. 


Fig. 


Fig. 

Fig. 


Gilbertsocrinus  spinonodosus  sp.  nov. 

Basal  view  showing  heavy  spines  on  radials,  strong  tubercle  on  pri- 
mary anal  interbrachial  and  wide  and  probably  deep  basal  cavity, 
X i %.  Collection  of  Buffalo  Museum  of  Science;  E.  Reinhard,  col- 
lector. 

Tegmen  of  same,  X 1%. 

Lateral  view  (right  anterior  interradius)  of  same,  showing  nodose 
plates  with  radiating  ridges,  X ip2-  Ludlowville  (Tichenor) ; Eighteen 
Mile  Creek,  Erie  Co.,  New  York. 


Gilbertsocrinus  multicalcar atus  sp.  nov. 

Fig.  5.  Posterior  view  showing  large  spine  on  the  first  anal  plate,  X 1. 

Fig.  6.  Basal  view  of  same  showing  spines  on  the  radials  and  first  anal  plate, 

X 1.  Moscow  (Kashong  member);  East  Bethany,  Genesee  Co.,  New 
York. 

Gennaecorinus  similis  sp.  nov„ 

Fig.  7.  Basal  view  showing  projecting  basals  and  ornamentation,  X 2. 

Fig.  8.  Left  posterolateral  view,  anal  interradius  at  right,  X 2.  Lower  Mos- 
cow; Railroad  cut  two  miles  east  of  Alden,  Genesee  Co.,  New  York. 
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EXPLANATION  OF  PLATE  XXVII 
Cyttarocrinus  jewetti  Goldring 

Fig.  i.  Lateral  view  of  crown  showing  character  of  arms,  X i/4. 

Fig.  2.  Lateral  view  of  a dorsal  cup,  showing  well  the  arm  facets  and  inter- 

radial  notches,  X iK-  Column  referred  to  species.  Tichenor  (Ludlow- 
ville)  or  Lower  Moscow;  small  stream  two  miles  south  of  West  Alden, 
Erie  Co.,  New  York. 


Botryocrinus  crassus  Whiteaves 

Fig.  3.  Lateral  view  (left  posterolateral  basal  at  right)  of  a cup  with  radials 
missing,  showing  bell  shape  and  shagreen  ornamentation,  X 2.  Lud- 
lowville  (Wanakah  member:  Demissa  beds);  Highland  Acres,  Erie 
Co.,  New  York. 


Fig. 

4- 

Fig. 

5- 

Fig. 

6. 

Fig. 

7- 

Fig. 

8. 

Fig. 

9- 

Fig. 

10. 

Fig.  11. 


Poteriocrinus  kopfi  sp.  nov. 

Anterior  view  of  dorsal  cup,  X 2.  Collection  of  M.  J.  Kopf,  Lancaster, 
N.  Y. 

Posterior  view  of  same,  X 2.  Moscow;  Eleven  Mile  Creek,  Darien, 
Genesee  Co.,  New  York. 

Anterior  view  of  a younger  dorsal  cup  with  few  columnals  attached. 
X 2.  Collection  of  M.  J.  Kopf. 

Posterior  view  of  same,  X 2.  Lower  Moscow  (Kashong  member?); 
Eleven  Mile  Creek,  Darien,  Genesee  Co.,  New  York. 

Anterior  view  of  very  young  specimen,  X 2.  Collection  of  Buffalo 
Museum  of  Science;  I.  G.  Reimann,  collector. 

Posterior  view  of  same,  X 2.  Moscow  (Kashong  member) ; tileyard  at 
East  Bethany,  Genesee  Co.,  New  York. 

Lateral  view  (right  anterolateral  interradius)  of  a large  dorsal  cup 
showing  first  primibrachs  and  an  interradial  tegminal  plate  (left), 
X 1^2.  Moscow;  White  Creek,  East  Bethany,  Genesee  Co.,  New  York. 
Lateral  view  of  large  dorsal  cup  (anterior  radial  at  left),  showing 
ridges  and  depressions,  X 2.  Moscow;  Eleven  Mile  Creek,  Darien, 
Genesee  Co.,  New  York. 


Note.  Originals,  except  as  otherwise  indicated,  in  the  collection  of  Percy  R. 
Powell,  Niagara  Falls,  N.  Y. 


Photographs  by  E.  J.  Stein,  New  York  State  Museum,  Albany,  N.  Y. 
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